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Energies of dissociated dislocations in ice 
Akeharu Fukuda 
Abstract 
Elastic energies of dissociated dislocations on the basal plane were calculated using anisotropic elasticity 
Energies of stacking faults and dislocation cores were supposed to get total energies of the dislocations. It is 
proposed that a dislocation with 10001) Burgers vectors dissociated two partial dislocations with 112 10001) 
Burgers vector not with 116 <2203> Burgers vector， and that a combination of dislocations with 10001) Bur 
gers vector and with 113 <1120> Burgers vector is stable 
1.はじめに
常圧下の氷の結晶構造は六方晶(詳しくは，ウルツ鉱型 ZnSのZnとSをともに H20に置き
かえた型)である O この六方晶の基本格子ベクトルは 4軸表示でa)，a2， a3およびCであり，こ
の結晶中の任意のベクトルをくhkil>で表す。ここで i=-(h+k)の関係がある。氷の転位は，




















1/3< 1 1 2 0 >パーガース・ベクトルの転位は氷の塑性変形のほとんど全部を担う重要な転校
である O この転位は
÷〔 11EO]寸[loToJ十七 o1 1 0 J (1) 
2つの1/3<1 1 0 0 >の部分転位に分解して，拡張転位になっていることが考えら型の反応で，
しかし， x線回折顕微法では1/3<1 1 2 
0>の完全転位として観察されているこの転位からせん転位であっても，六方品基底面(以下，










[OOOlJ=十[OOOl J+ ~[OOOlJ (2) 
あるいは
[0001]寸[2 20 3 J + ! [22 0 3 J (3) 
いずれが優2つの部分転位に分解する幾何学的可能性がある O 現在のところ，型の反応により，
勢であるのか知られていない。前者， 1/2< 0 0 0 1 >の部分転位の積層欠陥はダイアモンド型!構
造が3層であり，後者， 1/6< 2 2 0 3 >の部分転位の間の積層欠陥はダイアモンド型構造が1層
この反応によって見ら
れているのではない。










弾性率は Dantle6)によって求められ， -200Cで， C[[=13.30， Cぉ=14.55，C4=2.91， C12エ 6.77，
C13=5.83 (単位は1010dyn・cmZ，C軸を第3軸として表示)である。格子常数は数多くの研究
者によって求められLonsdale7lによってまとめられており， -200Cでは， a=1/3<11 20>= 
4.52， c = ( 0 0 0 1 J = 7 . 63(単位はA)である。
刃状転位についてそれぞれ，転位の弾性エネルギは，等方弾性体であればらせん転位，
Gb2 
(edge) ，_ (， ¥ ln 
4π (1一 ν)" ro 
Gb2 R 
(sc附)= ~~ ln万' (5) 
νはポアソン比であるobはパーガース・ベクトルの大きさで r。となり， Gは剛性率であり，






らせん転位の両者に直角に x軸をとる O すなわち zx面が底面となる Oに沿って y軸をとり，
エネルギ・ファクタは
(6) ks=記正一
で求められ， 3.08×1010dyn・cm-2で五ある。刃状転位のエネルギ・ファクタは2つある O パーガー
ス・ベクトルがx軸に平行ならば，
ι=(C1刊 13) (7) C戸記1• C33 C4( Cll-CI3) CdCll +C13+2C44) ， 
で求められ， 4.96×1010dyn・cm-2で、ある。パーガース・ベクトルがy軸に平行ならば，
C44(Cll-Cd 



























の弾性エネルギが貯えられている。切れ目を相対的にずらせて z軸上に 2本目の転位をつくる O
このとき，このつくられていく転位の応力場と 1本目の転位の応力場を重ね合わされて応力場に







図 1. 1本目の転位の形成 図2. 2本日の転位の形成
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K..h2 ， R W+R， 
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1/3< 1 1 2 3)パーガース・ベクトルの全転
位の弾性エネルギは
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このようにして求めた拡張幅は，1/3< 1 1 2 0 >が1/3<1 1 0 0 >に分解しているときはW=
193A(α=0)， 533A (α=π/2)である。 (0001)が1/2(0 0 0 1 )に分解しているときはW=
1243Aである。 (0001)が1/6<220 3 >に分解しているときは， W=2531 A (s =0)， 1874A 













=12.52XlO-5erg'cm-1 (α=π/2) (15) 
拡張しているときは，
Ead=8.03X10-5erg'cm-1 (α=0) 





1/2[ 0 0 0 1 )に拡張しているとき
ECdlニ 2.86X 10 -4erg・cm l (18) 
1/6< 2 2 0 3 >にt広3長しているとき
ECd2=3.02×Io LTg・cm-I(pニ 0)
エ 3.12×104erg-cm l(I3二 π/2) (19) 
1/3< 1 1 2 3 >パーガース・ベクトルの全転位のエネルギ
Ec+α=4.13X 1O-4erg ・cm l(α 二 0)
=4.51XIO-4erg-cm-1 (αニ π/2) (20) 
拡張しているときは，
EJt+p=3.46×104Erg-cml(α 二 0)
=3.77×10467g・cm l(α 二 π/2) ???
?
以上に値を比較した興味ある結果は，すべての転位について拡張した方がエネルギが低いこと
が示されている O つまり，転位はすべて拡張した状態にあるとみられる O また， [0001)パー
ガース・ベクトルの転位は1/6<2 2 0 3 >型に拡張するよりも1/2[0 0 0 1 )型に拡張する方がエ
ネルギが低い。つまり，拡張は後者の型をとっていると考えられる o1/3< 1 1 2 0 >パーカース・
ベクトルの転位と [0001)パーガース・ベクトルの転位とが合体して， 1/3<1 1 2 3 >パーガー
ス・ベクトルの転位となった方が全転位でも拡張転位でもエネルギが低くなる O つまり，この 2
つの転位が出合えば合体し，また， 1/3< 1 1 2 3 >バーガースの転位は分離し難いであろう O
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Report on the optical and electric properties 
of the nitrate compound crystals 
川島利器・福田明治・勝木喜一郎・鈴木和郎
Riki Kawashima， Akeharu Fukuda， Kichiro Katsuki and Kazuo Suzuki 
Abstract 
The crystals of nitrates show various phase transitions. The crystal structure changes near the transition 
temperature Ttr. The characteristic phenomena， associated with the physical properties have been observed 
near the phase transition points. The optical and electric properties have been reported in the temperature re. 
gion of the alkali and the rare earth nitrate crystals 
1. Introduction 
The variation in the physical properties of the crystals are observed near the phase transition 
[11 points'''. The nitrates are among the few readily soluble and easily prepared inorganic compounds 
The crystal of the nitrate is a dielectric one， which shows a various phase transition with the 
IZI change in the crystal structure. The authors have investigated the optica]'"' and electric properties 
131 of the nitrate crystals near their phase transition points. In this paper， we report on the optical 
and electric properties of the alkali and rare earth nitrate crystals in our investigation， which is 
proceeding in the present stage 
2. Experimental Procedures 
2. 1 Crystal Growth 
Single crystals used in these experiments were prepared as fol1ows by using the solution 
method. An aqueous solution of nitrate compound was prepared from the nitrate powder. To re. 
move dust and impurities insoluble in water， the solution of nitrate was filtered with micron filter 
of 0.2μm p'ore size. The single crystals were grown from the aqueous solution by slow evapora 
tion at room temperature 
2.2 Optical Measurement 
i21 The optical measurement was made in the fol1owing way A ploy.chromatic light source 
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(deuterium lamp) is chopped at 175Hz. The incident light beam was made nearly perpendicular to 
the prepared plane of the single crystal. The fluctuation of the light intensity was within 1 %. A 
Nikon P-250 monochromator was used， whose diffraction grating (1200 lines per cm) gives a re 
solution of 1 A by using the following experimental conditions: height of the slits 4 mm: width of 
the slits， 0.01 mm: scanning speed， 450 ~ 150 A/min for the observation of ful spectum range 
The beam diffracted by the monochromntor was received by a photomultiplier R-189 (HTV)， con-
nected with a Nikon SP104 electrometer. Temperature dependence of the absorption spεctrum was 
measured by using the furnace. The temperature of sample was detected by a alumel-chromel ther 
mocouple， the signal of which was also utilized for controlling the furnace temperature. Tempera-
ture of the sample was less than 0.01 oC. Temperature of the sample was changed from room 
temperature to 3500C 
2. 3 Electric Measurement 
We have measured the frequency dependence of AC impedance of the crystal by using an auto 
phase lock in amplifier (NF Electronic Instrum.， LI-5 74A with pre-amp. P← 51A) and wide band 
oscillator (NF Electronic Instrum.， E-1205/ 31 • Specimens were prepared by cutting the crystal pa 
rallel to the observed plane: the typical dimension of sample is 0.047:I 0.005 cm in thickness and 
0.096土0.005cm2 in area. The silver electrodes were pasted on the surfaces. The measurements 
were performed in the course of heating and cooling. The specimen was placed in a furnace con 
trolled to :I 0.1 oc 
3. Results 
3. 1 Optical absorption spectrum 
The single crystal of robidium nitrate， as one of the alkali nitrate crystals， undergoes three 
phase transitions'4'. The orthorhombic phase (lV) changes to a cubic (SsCl-type) phase (II) at ~ 
1640C， then to rhombohedral type phase (I) at~2190C and finally to NaCl type cubic phase (1) at 
~ 2850C. The successive phase transitions are related with orientational disorder of the N03 
jons. 
Figure 1， as already given in Ref.(2)， shows the absorption spectra in the photon energy region 
from 3.10 eV to 5.0 eV at temperatures in the phases IV， II and Il of PbN03 crystal. The two 
* *. .151 absorption bands， corresponding to the n2→ π and π2→ πband""， are contained in the region 
from 3.10 eV to 5.0 eV for the alkali nitrate crystal. The absorption band from 3.50 to 4.50 eV 
* ~as been assigned to the nz→π forbidden intramolecular electronic transition of the N03 jons in 
10 
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the RbN03 crystal. The stronger absoption bal)d above 4.50 e V has been assighed to the π2→ π* 
allowed electronic transition of the ion 
3. 2 Electric Conductivity 
Figure 2 shows temperature dependence of the real partσ ， and the imaginary partσ" of the 
complex conductivity derived from the measurements of the AC impedance at 1 kHz along the c-
axis of the RbN03 crystal in the temperature region from temperature to 2360C， ranged over th巴
IV→II and II→I successive phase transition points. This result has already been given in Ref.(3) 
The hystereses of σ， and σ" near the IV→II and II→I phase transition points are fornd in Fig 
2 
Frequency dependence of σ， and σ" (the real pat σ， corresponding to conductivity and the im 
















Fig. Temperature dependence of the absorption spectrumα(E， T) at several tempera 
tures ranged from room temperature to 280CC 
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Fig. 2 Temperarure dependence of real σ， and imaginaryσ" in the complex conductivity 
σ本 measuredby the AC impedance method along the c-axis 01 RbN03 crsstal at 1 
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Fig. 3 Frequency variation 01 the real σ， and imaginaryσ" in the complex conducuvity 
σ* measured by the AC impedance method along the c-axis of RbN03 crystal at 
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Fig. 4 Frequency variation of σ， and σ" in the complex conductivityσ* measured by 
the AC impeance method along the c-axis of RbN03 crystal at temperatures in the 
phase II after Ref.1 3) 
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Fig. 5 Frequency varition of σ， and σ" in the complex conductivityσ* measured by the 
AC impedance method along thhe c-axis of RbN03 crystal at temperatures in the 
phase I after Ref.(3) 
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from 3 Hz to 100 kHz at several temperatures， respectively， inthe phases IV，. II and 11. Figures 3， 
4 and 5 show the frequency dependence of conductivitiesσ ， and σ.. in the phases IV， II and 1， 
respectively， of the RbN03. These results have already been reported in Ref.(3) 
4. Discussion 
4. 1 Optical prope吋iesnear the phase transitions of alkali nitrates 
The author and his collaborators(21 hav given the experimental results and the analyses on the 
temperature dependence of the absorption spectra， in the alkali nitrate crystals， ascribed to both 
the nz→ π* and π* bands by using the profile model given in Ref.(6) for studying the absorption 
spectra in the RbN03 melt. In the model， the spectrum consisted of the sum of a Gaussian function， 
* identified with the nz→π band， and an exponential function， identified with the edge of theπ2→ 
π* band， 
α=α 九luxexP1-(1n2)(E-EM，αY/(ムE)21
十αoexp 1σ(T)(E-Eο)/KBTI (1) 
For the Gaussian assigned to the nz→π* band，αMax and EMax of the first term in the above 
equation are the coordinates of the maximum of the nz→ π* band. On the other hand， as the 
second term in the right side of Eq.(l)， the edge of theπ2→π* band exhibits exponential shape 
obeying the Urbach rule， Whereα。andEo are constants determining the coordinates of the in-
tersection point of extrapolated linear sections of absorption curves α=f (hω ， T)， and where a 
(71 parameterα(T) is called as the steepness one' 
The digitized data obtained by the A/D converter of the optical measurements were fitted to the 
model given in Eq.(1) by using a micro-computer PC9801E(NEC). By the digital computer proce-
dures for the profile analysis on the basis of the model given in Eq.(1)， theπz→ π* band was 
separated from the overlapping absorption edge. Figure 6 shows the spectra obtained by the 
analyses， at temperatures between 800C and 2800C， in the vicinity of the tails of theπ2→ π* 
band spectra. 
Figure 7 shows these data plotted as log αvs. E at sevεral tem peratures in the phase IV， II 
* and 1 for the tail of the separated π2→ πband spectra. From the numerical analyses on the 
tails of the separated π2→ π* band spectra， as given in Ref.(l)， the values of Eo and αo have been 
determined: Eo=4.80:f0.10 eV and a 0=3000土10cm-3 for the IV phase: Eo=4.75:f0.09 eV 
and a 0 = 2000士10cm -1 for the II phase:Eo = 4.60:f 0.10 e V and α。=1000士10cm -1 for the 
1 phase. 
14 
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Figure .8， after Ref(l)， shows the temperature dependence of the slope parameterσ(T) derived 
from the results analyzed from the data on the base of the profile model. The anomalies ofσ(T) 
are found at the phase transition points. The behaviors of the absorption edge， as givεn in Figs. 7 
and 8， and as described by the values of Eo and αo is not c1assified into the limiting cases of the 
U rbach edge'81， slope parameterσ(T)， and the absorption edge shift， as function of temperature: 
anomaly of σ(T) only， of Eu only， of α() only and no anomaly at the phase transition point 
The shift of Eo is in direct relation to the change in the width between the energy levels in the 
intramolecular state of N03 ，corresponding to the forbidden band width in the Urbach rule dis 
cussed in the semiconductor or ionic crystalm On the other hand， the parameterσ(T) is given by， 
σ(T)=σο 2kBT/nω tanh(nω/2kBη， (2) 
where nωis the energy of effective phonon， most strongly coupled with the electronic processes or 
excitons.α。isa constant represented the strength of the electron-phonon interaction or exciton 
phonon interaction. At high temperatures (kB T > > nω)， 
σ(η-IJ 0 (3) 
















Fig. 6 Temperature dependence of the π2→π* band spectra separated from the observed 
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The linear relationship of log α(cm -1) vs. photon energy E (eV) of the absorption 
eage at several temperatures ranged from 800C to 2800C 


































The steepness parameter σ (T) derived as a function of thermal energy KnT (eV) 
and Temperature (C) for the RbN03 crystal acter Ref.(2) 
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teraction strength through α。orto a possible change of the phonon， the instability of phonon 
mode， coupled to electron or巴xcitonnear the phase transitions 
Overall values of σ(T) in both the phases IV， II and I of RbN03 crystal are less than 1目O.
Line shapes of the absorption-band have been discussed in simple ionic crystalsl7l. The type of the 
electronic process， associated with the optical absorption， has been classified by a criterion atri. 
buted to theσvalues. Though the RbN03 crystal has more complicated crystal structures， itmay 
be inferred from σ< 1.0 that the electronic process in three phases of the crystal is of localized 
type as suggested in the case of other alkall nitrate crystalslZI; LiN03， NaN03 KN03， CsN03. The re 
sults could suggest that the intramolecular electronic state of the N03 ion in the alkali nitrate 
crystal is of localized type 
* Line shapes of the absorption spectra for the n2→ π band have been separated from the mea-
sured overlapping absorption ones at each temperatur目 inthe RbN03 crystal. The n2→ π* 
absorption is represented in the form， 
α，-αAぬpP1-(ln2)(E-EwaJ/(6.Ell (4) 
* The value of EMax is that of the energy. of the maximum of the n2→ 7[ ~ band. In the temperature 
range over the phases IV and II， the value of EMax is independent of temperature， as defined by 
3.79 eV， within exerimental accuracy. On the other hand， the value of EMax in the phase I is deter司
mined by 3.78 eV. This result is consistent with that of the spectra obtained in the molten ReN03・
The n2→ π* band itself does not shift in the RbN03 crystal， as this behavior of EMax is similar to 
that obtained in the CsN03 crystal， but different to that observed in the NaN03 crystal 
The temperature dependence of the half-value widthムE(T)for the n2→π* band is plotted in 
Figure 9， referred to Ref. (2). for the RbN03 crystal. The value ofムE(T)increse by increasing 
temperature， but show stepwise variation at the successive phase transition points. Figure 10 
shows these data plotted asムE(T)vs. T in both the phase I and 1 of NaN03 crystal. As seen from 
Fig. 10， the values of 6. E(T) changes near the A transition point of NaN03. The phase transitions 
of alkali nitrate crystals are attributed to the orientational disorder-ordered state of the N03 
ions. The N03 ions show free rotation along the c-axis in the phase 1 of NaN03. The increase of 
ムE(T)with increasing temperature in the phase 1 could be related to the dynamlcal state of N03 ・
The line width of the absorption band has been discussed in the relation with thermal broaden 
191 ing due to the coupling of the electronic process to lattice vibrations'"' and with the external and 
internal fluctuations of vibronic states corresponded with inhomogeneous broadeninglI 01 • The n2→ 
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Fig. 9 Temperature dependence of the half-valued width I E of the n2→π* absorptio日
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Fig. 10 Temperature dependence of the half-valued width I E of the n2→π* absorption 
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Fig. 1 Temperature dependence of the half-valued width .0 E of the n2→ π* absorption 
band for the KN03 crystal after Ref.(2) 
N03 ions. In the case， the behavior ofムE(T)could depend on the variation in the thermal fluc 
tuation in the molecular structure and d;ynamical state of N03 ions themselves or distribution of 
the different environment around the ions. 
Various types of the anomalous behaviors (a maximum peak， a minimum dip or stepwise change) 
11 in the thermodynamical coefficients"" (dielectric constant， conductivity， heat capacity， elastic coeffi. 
cient， ultrasonic attenuation etc.) have been observed near the phase transition point. The varia. 
33) tion， in the variables to describe the physical property of the crystalJJ1， could be dendent on the 
type of the coupling of the variable with the order parameter of the phase transition. The prop 
erties of the coupling could be determined by the symmetry of crystal in the phenomenological 
121 theory on the structural phase transition. In the ultrasonic studies""'， for example， as the elastic 
strain induced by the ultrasonic wave couples linearly with the order parameter， the elastic con 
stant， derived from the ultrasonic velocity， do a maximum peak at the phase transition point. But 
in the case of the nonlinear coupling， the coefficient shows a stepwise variation at the temperature 
The line widthムE(T)shows a sharp peak near the I→1 phase transition point of the KN03 
crystal in Figure 11， as reported in Ref.(2)， but do not in the vicinity of the successive phase tran 
sition points of RbN03 as seen in Fig. 9. The facts would suggest the linear coupling between the 
intramolecular electrollic process and the order parameter in the Iimited case of the alkali nitrate 
crystal such as the KN03 crystal. In the case of the RbN03 crystal， however. the order parameter 





Electric properties near the phase transitions of alkali nitrate crystals 4.2 
The conductivity of the alkali nitrate crystal is attributed to the cation Frenkel defedsl31. The 
temperature dependence of the transport property near the successive phase transition points of 
the RbN03 crystal has been qualitativly interpreted by the change of the crystal structurel41. 
The large increase of the electric conduction at the IV→II phase transition point is ascribed to 
the fact that the shortest distance (3.63A) of N03 -from Rb + in the phase II is greater that the 
sum (3.42A) of the radii of the N03 groups (1.94 A) and Rb十 ion(1.48 A). In the cube of phase 
II， the N03 group lies on the body diagonal slightly shifted from the center. In the rhombohedron 
of the phase I， also， the N03 group remains in an off.center position to the same relative extent 
as in the phase II. The distance between the N03 -group and the three nearest Rb +， surrounding 
the body diagonal. becomes equal to 3.32 A in the rhombohedron of phase 11. This distance is 
smaller than the sum of the radii of the N03 -group and the Rb + ion. The N03ー ionsare locked in 
an off.center position on the body diagonal so that its movement on it is hampered， leading to the 
decrease of the conductivity at the II→I phase transition point 
These electric properties in the phases IV， II and I of the RbN03 crystal could be described by 
complex plane of the complex conductivity (know as the Grant plotsI15!). The present discussion on 
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， 2 Representation of the conductivity along the c-axis in the complex plane (σvsσ') 
at temperatures in the IV phase of the RbN03 crystal after Ref.(3) 
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Fig. 13 Representation of the conductivity along the c-axis in the complex plane (σvsσ') 
























Fig. 14 The complex conductivity (σvsσ') along the c-axis at temperatures in the I 
phase 01 the RbN03 crystal after Ref.(3) 
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plotted in the complex plane. The values of σ. at (J" = 0 increase with approaching the IV →II 
phase transition point. The frequency dispersion of the normal dielectric crystal has been usually 
observed in the frequency region above -1 MHz. The observed dispersion in the phase IV near 
the IV→II phase transition point corresponds to the tail in the lower frequency side of the Cole 
Cole semicircle. 
Figure 13 shows the frequency dependence of the complex conductivity in the complex plane，σ" 
vsσ" at temperatur己sof the phase II. The complex conductivity in the phase II can be repre-
sented by semi-circles with centers below the real axisσ'. The centers lies on the line making an 
angleα= 15.80 with the real axis. This dispersion in the phase II is similar to that in the fer 
roelectric materials 1.6) with the distributed relaxation time. This result is different from that 
obtained by measuring the AC electri cconductivity along the a-axis of the crystal 
The frequsency variation of the complex conductivity in the complex plane at several tempera 
tures of the phase I is given in Figure 14. In this phase. the spectra in the complex conductivity 
also fit the semi-circles. The centers of the semicircles at the temperatures lie below the real axis 
with the deviated angleα=41.20 
These diagrams given in Figs. 13 and 14 show that in the temperature region of the phases II 
and I， the frequency dispersion of the complex conductivityσ*(T，ω) can be given by 
|σ *(T，ωjσ(T，∞)1 / Iσ(T，O)-σ(T，∞)1 (5) 
in which the adjuustable parameter・/3indicates the degree of distribution of the relaxation time. 
Thεparameter /3 is given by the angle αof the Cole-Cole diagram through the relation /3 = 1 -2 
α/π(αin the radian unin):バニ0.53in the phase I and /3 =0.82 in the phase II. This value of 
1 derived in the phase I of the RbN03 crystal is nearly equal to that， 0.52 -0.57， given in the 
dielectric measurement on the phase 1 of the KN03 crystall1n. Thy crystal structure. R3m， in the 
phase I of RbNO:l isthe same国asthat in the phase 1 of KN03. The fact suggests the similarity be-
tween the dielectric relaxation processes of these crystals. Howev巴r，the dielectric spectrum in the 
phase 1 of KN03 was observed in the range from 15 GHz to 22.3 GHz. 
4.3 Phase transition of Rare earth compound crystals 
Recently， investigation of rare earth compoudds has received considerable attention to study the 
1到 ・ ー白1physical properties associated with rare earths spectroscopy""， valence instability""， high tempera 











Report on the optical and electric properties 











-. . .  . . . . . 





10 20 30 
15 The real part ε， of complex dielectric constant ε* along the c-axis of samarium 
nitrate crystal at temperatures in the range between room temperature and 






















Fig. 16 The imaginary part ε" of complex dielectric constant ε* along the c-axis of 
samarium nitrate crystal at temperatures in the range between room temperature 
and -55.0"C in both the cooling and warming processes after Ref.(31 
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In the material system， a rare earth ion plays an important role for the characteristic properties. 
The nitrates are among the few soluble and easily prepared inorganic compounds of the rare 
earths. It is possible to find unknown physical phenomena in the crystals of rare earth nitrates. In 
the present section， the experimental results on the samarium nitrate crystal are given by the elec 
tric measurement with the automatic system in order to study the phas巴transitionof samarium ni 
trate crystal in detailed 
The temperature dependence of the realε" and the imaginary part E:" at 1KHz are given in Fi-
gures 15 and 16 of both heating and cooling run in the range from room temperature to -550C 
From the results， two singularities with thermal hystereses are found in the temperature variation 
of dielectric constants 
The anomalous temperature dependence of the dielectric constants between --450C and -OOC 
should be related to polymorphic transitions with the change of the crystal structure in the samar 
ium nitrate crystal. The crystal symmetry of samarium nitrate crystal， Sm(N03)36H20， istriclinic， 
the space group P1 with lattice parameters of a=9.20 A， b=11.7 A， c=6.78 A，α=91， s = 
1120 and Y = 1090(2) atroom temperature. The detailed structural analyses on the crystal and the 
temperature variation has not been reported by the X-ray or neutron diffraction methods. 
There， howεver， have been the X-ray studies on other rare earth compound crystals， such as 
白司La， Ce， Pr， Nd， Gd and Y'"'. The X-ray diffractometric studies have confirmed the crystal triclinic 
and shown that there exists two isotructural series， both crystallizing in the space group P1; La 
and Ce belongs to the first series， and Pr . . . Luand Y to the second. 
The structure of La(N03)3・ 6HzÜ 12~ has been revealed by X-ray study that La +3 is surrounded 
by 11 oxygens， from three N03 groups and from five H20 molecules. The other rare earth series 
(Nd， Pr)白日， the coordination number is 10. The trivalent rare earth compound [R(H20)n(N03)3J (n= 
1 or 2) and the rest outer-sphbre water moleculεs are joined into a three一dimensionalstructure by 
hydrogen bonds. The network of hydrogen bonds has been found in a ferroelectric crystal， such as 
Rochelle salt and KH2P04， and plays an important role of the phase transition(26) 
The r巴suitsin this study may suggest the possibility of the two three phases 1， Iand Il， given 
in Figs. 15 and 16， for the samarium nitrate crystal. The phase transitions may be related to the 
variation in the complex structure， by the hydrogen bonds， attributed to the characteristic electro-
nic property of the rare earth ion， Sm十3，in the crystal 
5. Summary 
1) From the observation of the temperature dependence of ultraviolet absorption spectrum in the 
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of the nitrate compound crystals 
alkali nitrate crystal. the variation in the coupling between the electronic process and lattice 
system could be found at the various phase transition points 
2) From thεmeasurements of the frequency and temperature dependence of AC conductivity in 
the alkali nitrate crystal. we have obtained experimental information on the changes of ionic 
conduction in the various phases accompanied with the changes of the crystal structure at the 
first order phase transition points. 
3) From the measurements of temperature dependence of dielectric constant in the rare earth ni 
trate crystals. polymorphic transitions have been found 
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Carburization of Metal Needles by Using a Field Ion Microscope 
Hiroshi Adachi， Keiji Mikami， Takashi Matsuda and Kazuo Suzuki 
Abstract 
A conventional field ion microscope (FIM) having an atomic resolutio日 isconstructed. Experiments of 
carburization of sharp metal needles are done by introducing ethylene gas to the FIM instead of the imaging 
gas. Tungsten is successfully carburized and sharp needles of tungsten carbide are obtained. It is not suc-
cessful to get a sharp needle of tantalum carbide. Formation of a small sphere of tantalum carbide is 





























































































































試料針をコールドステージに取り付け，真空系全体を 5X 10-10 Torrになるまで排気する。真
空中で試料針を短時間ではあるが非常に高温にして，表面に付着している汚染物質を蒸発させる。
(この操作をフラッシングと呼んでいる。)つぎに，液体窒素でコールドステージを徐々に冷却し，











端の(1 1 0 )面に対応し，それを囲むような長
方形の角の位置に見られる同心円がそれぞれ(2 
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SPIN -W A VE EXCIT A TIONS IN Gd A T LOW TEMPERA TURES 
永田正一・宮崎雅年・藤田英司
戎 修二・山村秀美・谷口 哲
Shoich NAGAT A， Masatosi MIY AZAKl， Eiji FUJIT A 
Shuji EBISU， Hidemi Y AMAMURA and Satoshi T ANIGUCHI 
Abstract 
lt has been manifestly demonstrated that Gd is one of the best example to be realistically applied to the spin. 
wave theory of Heisenberg model for the localized magnetic moment 
The magnetization of Gd has been measured in the temperature 4 < T< 310 K at a constant magnetic field of 
6 kOe using a homemade vibrating sample magnetometer. We present an exact analysis of the spin.wave ex. 
citations for Gd. ln the presence of an applied magnetic field， H， an energy gap exists in the spin.wave disper 
sion relation. As a consequence， the temperature dependence of the magnetization for ferromagnets must differ 
3/2 from the simple Bloch T"'" law. The low temperature magnetization per gram is found to obey the form: 
ムσ(T)/σ(0)=BZ(3I2，TglT)T3/2+CZ(5I2，TglT)T5/2，where B and C are constants and dσ (T)=σ(0)ー σ(T).
The modification factors Z(3I2，TglT) and Z(5/2，TglT) are the characteristic functions of T and the magnetic 
field， H. The spontaneous magnetization of ferromagnetic Gd follows BZ(3I2，TglT)T3/2 relation (the modified 
3/2 Bloch r'" law) with remarkable fidelity below 200 K. 
1. Introduction 
Ferromagnetic Gd metal has a Curie temperature of T-293 K and exhibits litle single.ion ani. 
sotropy since its magnetic momεnt is produced almost wholly by spherically symmetric 8S7/2 Gd3十
ions. Because its large magnetic moment is localized in the small 41 shell， Gd is， in principle， of 
more general validity for the spin.wave theory of Heisenberg model than the partially itinerant 
1，2) ferromagnets such as Fe and Ni.' ，"' However， much less information is available on the ex. 
perimental study for the spin.wav巴excitationsof Gd，3-5) which motivated the present investigation 
We give an exact analysis of the spin.wave excitations in the presence of an applied magnetic 
field， H. It is seen that the energy gap due to the external magnetic field has a pronounced effect 
on the magnetization at lower temperatures. An energy gap exists in the spin-wave dispersion rela. 
tion. As a consequence， the temperature dependence of the magnetization for ferromagnets must 
3/2 
differ from the simple Bloch T"'" law. The low temperature magnetization per gram is found to 
obey the form: 
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3/2 I i"'7/r Ji) 'T' /'T'¥'T'5/2 ムσ(T)/σ(0)=BZ(3/2，T/T)T"'" + CZ(5/2，T/T)T"'"， where B and C are constants andムσ(T)is 
the decrease in the magnetization，ムσ(T)=σ(0)一σ(T).The modification factors Z(3/2，T/T) and 
Z(5/2，T/T) are the characteristic functions of T and the magnetic field， H. These functions Z(3/ 
6) 2，T/T) and Z(5/2，T/T) have been ca1culated systematically 
One can see that the ferromagnetic Gd proved directly the spin-wave excitations at low tempera-
3/2 tures in accordance with the modified Bloch T"'" law. The best extrapolation to T=O K at H= 
6.00 kOe givesσ(0) = 264 (emu/g)， which corresponds to gJ= 7.44 Bohr magnetons/Gd-atom.7l 
The source of the excess moment of 0.44 f1 B per Gd atom over the value of 7.00μB arising from 
the seven unpaired 41 electrons has attracted significant theor巴ticalattention.8) In appendix， we 
will give some consideration on the subject of detection coil configurations for the Foner-type vi-
brating sample magnetometer from an analytical viewpoint. 
2. Spin-Wave Excitations in a Constant Magnetic Field 
In this section we describe briefly the spin-wave excitations in a constant magn巴ticfield， in 
3/2 which the Bloch T"'" law should be modified as a consequence of the influence of the magnetic 
field. 
In thermal equilibrium the number of magnon nk excited at temperature T is given by the Bose 
distribution 
<nk>ニ1/1巴xp(e JkB T)-li (1) 
where εk is the excitation energy of a spin wave of wave vector k. Since the total spin is reduced 
from its saturation value NS by one unit per spin wave， the magnetization per unit volume at 
temperatur巴Tsatisfies 
M(T)=g内 INS-?<nk>|
ニ M(O)1一(山S)?くいf. (2) 
This sum may be turned into an integral， and at low temperatures the Bose factor for large k isso 
small that the integral may safely be carried to infinity. Thus， for cubic lattice， 
M(O)-M(T) gμB ∞ 4πk2 
<d ，，~，. dk， M(O) M(0)(2π)δJo exp( E /kBT)-l 
(3) 
where the integral extends over al k-space， multiplying by the (112π)3 states available per unit 
volume of k-space in a unit volume of material 
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In the absence of an applied magnetic field and the magnetocrystalline anisotropy， a generalじX
pansion appropriate to cubic symmetry for small k (the long-wave limit)， is
e k =Dk2十Ek4， (4) 
where D is the spin-wave stiffness constant and E is the constant of proportionaiity for the k4 
term. Making the substitution of eq. (4) into eq. (3)， the magnetization per unit volume follows the 
91 Heisenberg-model prediction 
ザi?」 M(0吋(T)ニげ2+CT5/2 (5) 
3/2 where B and C are constants and the first term is the Bloch rvl" law， while the second one is due 
to higher-order term in the magnon dispersion relation. The coefficients of the corresponding terms 
in these equations are related through the expressions9.101 
B= t (3/2)[gμ/M(O) ](九/4πD)3/2 (6) 
and 
C= t (5/2)[gμiM(O) ](k/4πD )5/2(3π/4)<ゾ>， (7) 
where t(3/2)=2.612 and t(5/2)=1.341 ar巴theRieman t functions and <ゾ>is the average 
mean-square range of the exchange interac:tion 
In the presence of an applied field H， on the other hand， the spin-wave dispersion relation for 
the long-wavelength limit (k-O) is given by 
e k=gμsH+DkZ+Ek4， (8) 
where gμB H is an energy gap. Here we introduce a gap temperature Tg ，1.21 defined by 
Tg=gμ ßH/kB • (9) 
We obtain simply an expression for the magnetization if we neglect the k4 term in the dispersion 
relation given by eq. (8) 
M(O)-M(TgμB rx 4πが
一dk
M(O) M(0)(2π)3Joexp[(Dが+九九)/kBT)]一l (10) 
g/1 B i hBT J/2f∞ 4πq 
M( 0)( 2π )3¥ D J Joexp(q2+T/T)-1叫
??
The integration is to be carried out by 
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j二-JL--dq二 rOOq2dq ~叫[-n(l十九/T)] 
o exp( q<十 T/T)-l~'" Jo"'~'" n=1 (12) 
こ.Elexp[(-n)T/T]([仰 (-n)q2]ldq 
=E1 1[Exp((-n)Tz)][(〉7/4)n3/2]l
=(Y五/4)t (3/2， T/T). (13) 
Then， we have 
ムM(T)n-i b L3/2 
百 (0了=ECfK7b)C(仇 T/T)T3/ ????
Because of the energy gap in eq. (8)，εq. (5) must be modified and be described as eq. (14). The 
3/2 temperature dependence of the magnetization differs from the simple Bloch T"'" law under th 
fluence of the magnetic field 
Furthermore， ifwe consider the がtermof eq. (8) in the dispersion relation， the modified version 





Th巴secoefficients of B and C are related to the spin-wave stiffness constant D and the average 
mean-square range <ゾ>of the exchangεinteraction given by eq. (6) and (7). The functions Z(3/ 
2，T/T) and Z(5/2，TiT) can be written as 
t (3/2司T/T)=t (3/2)Z(3/2， T/T)， (16) 
t (5/2， T/T) = t (5/2)Z(5/2， T /T)， (1カ
S (a)= I: n-a， t (3/2)=2.612， t (5/2)=1.341， 
Z(3/2， TjT)エー1ー し一日目p[(-n)TjT]，と(3/2)n=I" ~.. . (18) 
Z(5/2， TjT)=一-L-E?t-5/2EXP[(-n)T/T]. t (5/2) n=l" ~...... (19) 
These Z(3/2，TlT)， Z(5/2，TlT) functions reduce to unity when Tg goes to zero. Namely， ifthere 
is no external magnetic field， the magnetization is immediately reduced to the eq. (5). 
6) We giv巴resultsof systematic calcuiations for the functions of Z(3/2，T/T) and Z(5/2，T/T). 
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Figures 1 and 2 show the numerical results ot these functions. The defining series (18) and (19) con-
verge slowly at highr temperatures. Our computer calculations have been truncated if the numeri-
-10 cal value had reached smaller quantity than 10-'u， for each temperature. As can be seen in Figs. 1 
and 2， at lower temperatures the values of both Z functions become small， which reflects the im-
portant role of the magnetic field as a magnetic anisotropy. The stronger magnetic anisotropy 
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Fig. 1. The temperature variation of Z (3/2. Tg/T) at various magnetic fields. Tg isdefined by 
eq. (9)， using g= 2.00. 
smaller than that of Z(5/2，T/T). 
At higher temperatures， in general， the spin-wave interactions become increasingly important and 
the T4 term arises in eq. (5) as a consequence of this dynamical spin-wave interaction，il) which is 
not discussed here. 
3. Experimental Method 
Polycrystalline small piece of sample 7 X 7 X 0.1 mm3 (99.9 % purity) was used with its plane 
parallel to the field in order to minimize the demagnetizing field effects 


















300 250 200 150 100 50 
T(K) 
The temperature variation of Z (5/2， TglT) at various magnetic fields， Tg isdefined by 
eq， (9)， using g=2，OO 
Fig， 2. 
eter calibrated by pure nickel. The details about the apparatus which shows a setup of the 
12~ 14) cryostat and a measuring system of the magnetometer electronics， are giv巴nelsewhere:"~"! Here， 
we show only a schematic representation of the mechanical arrangement for the homemade vibrat 
ingsample magnetometer in Fig， 3， In this paper， a new analysis of optimum design of a detection 
coil system for Foner-type vibrating sample magnetometer is given in Appendix， 
The magnetization versus magnetic-field isotherms were taken at 5 K interevals from 4，2 to 310 
K in a field up to 7，5 kOe， The magnetization as a function of temperature was also measured at a 
constant field of 6目00kOe 
Experimental Results And Discussion 4. 
When one obtains a spontaneous magnetization of ferromagnets at a given temperature， the law 
of approach to saturation magnetization for the magnetization curve I extrapolating to (1/ H) = 0 or 
H = 0 I isused for actual measurements， 15) Howevεr in practical experiments， this process of the 
extrapolation sacrifices high precision of the evaluated values of the spontaneous magnetization 
While， the temperature dependence of the magnetization at a constant field can be done fairly 
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Fig. 3. Mechanical arrangement for the homemade vibrating sample magnetometer. (A) glass 
bell.jar. (8) liquid He transler line， (C) speaker， (D) pick.up coils， (E) brass weight for 
vibration.damping， (F) amplitude detector(photodetection)， (G) pumping line 01 sample 
chamber， (H) leveling screw， (1) O.ring seal， (]) base plate， (K) support bracket， (L) 
sample chamber centering日uideattached to N， (M) He pumping line， (N) sample 
chamber， (0) sample support tube， (P) He Dewar， (Q) nitrogen Dewar， (R) magnet， (S) 
teflon spacer， (T) thermometer， (U) sample， (V) signal pick.up coils(four.coil detection 
system)， (羽T)Hall sensor， (X) pole piece 
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Fig. 4. Magnetization curves 01 Gd at various temperatures 
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accurately.7，lO) However it should be noted that in the presence of the magnetic field， an increase 
of the magnetization itself is caused by the external magnetic field， in addition to Wεiss molecular 
field. Under a modεrately strong magnetic field， the excess magnetization forced by this external 
magnetic field is overlaped in the magnetization process. In a high field region， the forced-ferro 
magnetization remains as a function of the magnetic field in the almost saturated state. Conse-
quently， we can determine carefully the magnitude of the magnetization at a constant magnetic 
field. Therefore， the spinぉwaveanalysis in presence of the magnetic field， described in 92， is v巴ry
important and useful for the analysis 
Because of our sample shape and the orientation to the applied magnetic field， demagnetizing 
effects are expected to be small. The magnetocrystalline anisotropy can be assumed to be also 
small for the L = 0 state in Gd.3) Therefore， no corrections were applied for the above two effects. 
Figure 4 shows the magnetization curves up to 7.5 kOe. The magnetization versus magnetic-fi巴ld
isotherms were taken at 5 K intervals. The representative data of the temperature dependence of 
magnetization curves are shown. The temperature dependence of the magnetization at a constant 
magnetic field of 6.00 kOe is shown in Fig. 5. 
It is easy to construct actual Z(3/2，T/T) and Z(5/2，T/T) functions on the theoretical ground 
described in 92. The numerical calculations of these Z-functions at H=6.00 kOe are given in Fig. 
6. At lower temperatures thes巴functionsbecome seriously significant in eq. (15). 
The assumption used in 92 that the spin-wave energy E k is given simply by eq. (8)， isrestricted 
to cubic lattice， while Gd has hexagonal lattice structure. Nevertheless， the simple analysis given 
in 92 is applied to Gd owing to a lack of the detailed knowledge for Gd at the presentstage. 
On the basis of the computer calcurations of Z-function in Fig. 6， Fig. 7 shows the-results for 
3/2 ムσ(T)/σ(0)vs Z(3/2，T/T)T'" at the particular gap temperature Tg corresponding to H= 6.00 
，~， ~3/2 kOe. One can find manifestly a straight line up to 200 K. The dominant Z(3/2，TjT)T'" depend 
ence can be clearly seen. The slope gives the spin-wave parameter B 
3/2 ~ J '7，-10) 'T" /"""¥'7"'5/2 Realizing that besides the Z(3/2，T/T)T'" contribution there exist Z(5/2，T/T)T'" term in eq. 
(15)， the next step of the analysis is to include Z(5/2，T/T)T5/2 term. To show the evidence of the 
3/2，-1 
existence of the cofficient C， we plot IZ(3/2，T/T)T'"] '1ムσ(T)/σ(0)]versus IZ(512，T/T)/Z(3/ 
2，TlT)] T in Fig. 8 at the magnetic fleld of 6.00 kOe. From the intercept and the slope of the 
straight line， the spin-wave parameters B and C are determined. Below 50 K， the data points are 
very scattered as shown in Fig. 8 
Our experimental results are summarized as follows: (a) At temperatures below 200 K，ム (J(T) 














O 100 200 300 
T (K) 
Fig. 5. The magnetization of Gd at H=6.00 kOe as a function of temperature 
wide temperature range below T < 250 K a much better representation is obtained by eq. (15) as 
shown in Fig. 8. (c) The spin-wave parameter B and C have been determined by a least-square fit 
B= (8.6:1:0.8) X 10-5 (K-3/2). (20) 
C=(4.2土2. 5)X 10 -8 ( K -5/2) . 包1)
Here the obtained value B from the results of Figs. 7 and 8 gives the same value within ex-
perimental errors. (d) The best extrapolation to T=O K at H=6.00 kOe gives 
σ(0)=264 (emu/g)， (2) 
which corresponds to 
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Fig. 6. Computer calculation of Z(3/2，TglT) and Z(5/2，TglT) at H=6.00 kOe as a function of 
temperature 
nB=gJ=7.44(μ/Gd-atom) ， (23) 
The source of the excess moment of 0.44 f1 B per Gd atom over the value of 7.00μB arising from 
the seven unpaired 4/ electrons has attracted significant theor巴ticalattention. It is now attributed 
to the polarization of the conduction band electrons mediated by the localized 4/ electrons via the 
8) exchange interaction. 
3/2 As shown in Fig. 7， the magnetization follows modified Bloch T"'" law up to remarkably high 
16) "'L. .r "，5/2 temperature 200 K.'v， Then the contribution of T"' V term to the magnetization becomes increasingly 
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5. Concluding Remarks 
The Iow temperature magnetization per gram of Gd is found to obey the form: 
ムσ(T)/σ(0)=BZ(3/2， T/T)T3/2+CZ(5/2， T/T)T5/2. 包唱
3/2 Below 200 K the dominant BZ(3/2.T/T)T"'" dependence can be c1early seen. The best extrapola-
tion to TニoK at H = 6.00 kOe givesσ(0)=264 (emu/g). which corresponds to nB=g]=7.44 
(μB/Gd-atom). 
It has been manifest1y demonstrated that Gd is the best example to be applied realistically to the 
spin-wave theory of Heisenberg model for the localized magnetic moment 
Appendix 
A 1.Optimum Design of Detection Coil System for Vibrating Sample Magnetometer 
The optimum design of a detection coil system for Foner-type vibrating sample magnetometers is 
13) studied. which minimizes any undesirable influence due to sample mispositioning. 
The principle of the vibrating sample magnetometer can be understood with reference to the 
schematic drawing in Fig. Al. Consider a detection ciol (pick-up coil) consisting of a cross-
sectional area S. of the number of turus N at point A(xJ'.z) sufficiently far away from the sample 
having a magnetic moment M located at the origin. The voltage V induced in the coil is 
V=-NμoSdH.(t)/dt. (A 1 ) 
whereμo is the permeability of vacuum. and Hz (t) is the z-component of the magnetic field cre 
ated by the dipole moment M of the small sample vibrating along the z-axis. The magnetic poten 
tial ~ m at point A generated by the sample is given by 
併m=(Mx)/(4πμl). (A 2 ) 













Fig. A1 The principle of a vibrating magnetometer based on Faraday's law. A magnetic 
moment M， which is aligned along the x.axis by an applied magnetic field， isvibrated 
along the z.axis at an angular frequency ωwith an amplitude of a. The voltage is 
induced by a time.varying magnetic flux in a detection coil at the point A(xJl，z). The 
axis of the detection coil is parallel to the direction of vibration of the sample. 
=(Mx)/(4πμ/)・[1一(3Lh(t))/r]. (A 3 ) 
Therefore， the part of ~ m (t) which varies with time is 
手正(t)=一[(3Mx)/(4πμ〆)]ムr(t). (A4 ) 
For the motion of the magnetic moment M described by 
δ=(a)・cos(ωt)， (A 5 ) 
ムr(t)approximately gives .the valueムr(t)=(zlr)δ(t) for a sufficiently small displacement δfrom 
the mean sample position. Then， the ~ m' (t) leads to 
世イ(t)=一[(3Mxz)/(4πμl)](a)cos(ωt) ， (A 6 ) 
and the z-component of the magnetic field， Hz (t)， at point A. is given by 
Ht)=-d手正(t)/dz 
= [(3aMx )/(4πμ。)]・ [(1N)一(5i)NJcos(ωt). (A 7) 
Let us now take the mean position of the detection coil as A(xJ'，O); hence， the value of (5i)/r7 be. 
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comes small. Therefore， the second term of eq. (A 7) becomes negligible. Consequently， from eq. 
(A1) the voltage V generated by moving the sample is given by 
V=[(3NSaωxM)/(4πr5) Jsin(ωt)=Vosin(ωt) ， 
Vo=(3NSaωxM)/(4πr5)=C(xN) (A 8 ) 
and 
C=3NSaωM/4π. 
The amplitude Vo isdescribed by the geometrical factor and the characteristics of the detection 
coil， as well as byω ， a， and M. If the magnetization M is vibrated with constant ωand a， the am 
plitude of the electro-motive force V is proportional to the sample magnetic moment M. This paper 
is concerned with the discussion of the geometrical factor (x/r5) in the amplitude of Vo in order to 
reduce the influence du巴tosample mispositioning 
川Te will only be concerned with the four-coil detection system from now on. Figure A2(a) shows 
this multiple-coil configuration. The fou.r coils have a series connection， where the Nos. 2 and 3 
coils in Fig. 2(a) are connected in the opposite wind to Nos. 1 and 4 coils in order to obtain a net 
output signal. Thus， when the mean position of the magnetic moment is taken as the origin， the am 
plitude of the voltage induced in the four detection coils becomes 
Vo{total) = (4Cxo)!ro5= W， (A 9 ) 
where a new simple notation， W， isintroduced. 
In order to make further progress， itis necessary to obtain the induced voltage when the mag 
netic moment M is displaced from the origin by a small amount (ムx，ムy，ムz)at the same time. For 
example， the amplitude of the induced voltage in the number-1 detection coil is 
VJ(ムx，ムy，ムz)=C(xoームx)/[(xoームX)2+(yoームy)2+ (ムZ)2J日
キC[(xoームx)/イ]・ [1-(5/2 )P+ (35/8)Q J， (A10) 
where， the higher order of displacement is neglected， and P and Q are， respectively， defined as 
P=[ (ムX)2+(ムy)2+ (ムz)2-2(ムx)xo-2(ムY)YOJj(r02) (All) 
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Fig. A2(a) A detection coil configuration consisting of four identical N.turn coils. The cross 
sections of four coils in this multiple.coil arrangement are shown. The sample 
having a magnetic moment M， indicated by the heavy arrow， isvibrated along the 
z.direction. The angle () is measured from the x.axis 
(b) A situation in which the mean position of the sample magnetic moment originally at 
the origin is displaced by a small amount 6 r(ムx，6y，O)due to the sample 
mispositioning. The sample stil keeps vibrating along the z.direction. The angle併
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and 
Q=[4(ムx)2X02+8( t.X) (t.y )xoyo +4(ムy)ら。2]/(r04)• 
Then， the amplitude in the induced voltage is given by 
V(t.X，ムy，t.z)= Vj + V2+ V3十V4
=W[l+K.(ムxIr0)2+Ky( t.y/ro)2+ Kz( t.zIr0)2]. 




Table A1 Numerical values of K併.defined in text， as a function of世forseveral detection 
coil arrangements characterized by f) (se Fig. A2) 
o (0) : 。(0 ) : detection coil configuration 
sample 
position 。 30 36.7 45 60 90 
。 10.0 5.63 3.75 1.25 -3.13 -7.50 
15 9.16 5.37 3.75 1.58 -2.20 -5.99 
30 6.88 4.69 3.75 2.50 0.313 -1.88 
45 3.75 3.75 3.75 3.75 3.75 3.75 
60 0.625 2.81 3.75 5.00 7.19 9.37 
75 -1.66 2.13 3.75 5.92 9.70 13.5 












K f =Kx(cosO )2+Kv(sinO )2， 
Then. eq. (A13) can be rewritten in terms of these definitions 
v(ムX.ムy.6z)= W[l十Kf (ムγIrO)2十Kz(ムzlrO)2]










As a result. if the magnetic moment is displaced in the x~y plane. the characteristics of the in 
dliC0r! vultage is completely determined by K f (having a simply reduced parameter of angle O) 
Next. the results of a numerical calculation of K世 willbe shown. Table Al gives a list of the 
numerical values for K f as a function of the angle世.in which the various detection coil arrange 
ments are characterized by the angle f) indicated in Fig. A2(a). Our final objective concerning this 
argument is to determine a relevant angle f) in order to minimize the undesirable effects due to 
any sample mispositioning which comes from the existence ofムxandムy.Here. it should be noted 
that there exist a characteristic angle f) = 36.7 degree in which Kx is equal to Ky; then. the magni 
tude K f is independent of the angle手.as can be seen in Table A1. The angular dependence of 
K f is shown in Fig. A3. The detection coil configuration having the characteristic al)gle f) = 36.7 
degrees gives a constant magnitude of K併=3.75. All the other detection coil configurations have a 
larger value for K f in a certain region of angle o. These results lead us to a significant conclu. 
sion. Namely when the magnetic moment M is displaced in the x~y plane owing to sample misposト
tioning. the detection.coil configuration should be set at f)= 36.7 degrees in order to reduce any 
mispositioning influence. 
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Fig. A3 The characteristic lealure 01 the angular dependence 01 K </ lor the 6 different 
detection coil arrangemcnts.If the detection coils are set up to have (J = 36.7 degreεs 
il C3n be seen that K • has a constant、alue01 3.75 lor any displacement angle手 For
al the other coil conli耳urations.the magnitude 01 K併 islarger than 3.75 in a certain 
re耳ion01 the displacement an耳le 併
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As a next approach， the amount of the relative output signal from a four-coil detection system， 
with the relevant angleθ= 36.7 degree， is obtained in Table A2. The actual feature of the rela 
tive output signal is seen in Fig目 A4.If the angle () is chosen to be 36.7 degree， the relative out-
put signal gives less than 1 % change in the output signal within the range of the 5 % in the rela 
tive displacement. 
Since the z-axis is the direction of motion of the sample and the sample position is determined 
by a vibrating rod， itis unlikely that the displacement， itself， along the z-direction would arise. 
Table A2 The numerical values of the relative output signal from a four-coil detection system 
when B =36.7 degree. The sample positions are given by d.r/ro andムzlro
Disp1acellent Disp1acement 
in the X-)" p1ane a10nl the z-d1recも10n
6. r V(6. x，6. )"，0) 6.z V(O，O，6. z) 
一 一ro V(O，O，O) ro V(O，O，O) 
'・。 1 。 1 
0.01 1. 0004 0.01 0.9998 
0.02 1.0015 0.02 0.9990 
0.03 1. 0034 0.03 0.9978 
0.04 1.0060 0.04 0.9960 
0.05 1.0094 0.05 0.9938 
0.06 1.0135 0.06 0.9910 
0.07 1.0184 0.07・ 0.9878 
0.08 1.0240 0.08 0.9840 
0.09 1.0304 0.09 0.9798 
0.10 1.0375 0.10 0.9750 
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+ 0.05 ro， ro
Fig. A4 The relative output signal of the four-coil detection system as a function of the sample 
position. The angle between ro and the x.axis is 36.7 degree， that is the the best angle 
to reduce undesirable sample mispositioning efects. 
From the preceding results， the discussion of the relative sensitivity in the output voltage for the 
displacament in the x-y plane has significant importance in the actual experimental situation; this 
is because the problem for the z-direction displacement is less significant. Consequently， ifthe re-
levant angle， 8 = 36.7 degrees is chosen， any undesirable influence due to sample mispositioning 
and departures from constructional ideality can be minimized， 
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Effects of Low Temperature Annealing on the Ferromagnetic Anisotropies in an 
Amorphous Fe78 Bl3 Sig Alloy Splat-Quenched by the Single Roller Method 
Yoshihiko MIY A W AKI. Susumu CHIKAZA W A and Satoshi T ANIGUCHI 
Abstract 
Effects of the low temperature annealing were studied on the ferromagntic anisotropies in an amorphous 
Fe78 B13 Sig alloy splat -quenched by the single roller method. Measurements were made by the torque mag. 
netometer after magnetic annealing in one direction. and next. in another diection perpendicular to the former. 
Bisides magnetically induced anisotropy. an anisotropy was found to exist and the easy direction of which was 
almost the longitudinal direction of the original strip. This newly found anisotropy did not change apreciably 
by the low temperature annealing. but the magnetically induced anisotropy decreased with annealing time fol. 
lowing aproximately to the exponential low. Activation energy of this process was found to be about 0.3 e V 
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Phase-Conjugate Interferometry Using Dye Film 
KAZUO NAKAGA W A， KOUZI FURUKA W A， HIROFUMI FUJIW ARA 
Abstract 
Both real-time and double-exposure phase-conjugate interferometries are demonstrated with an eosin-doped 
gelatin film. A xanthen dye-doped film can generate phase conjugate waves simu1taneously or separately 
through degenerate four-wave mixing (DFWM) and holographic processes. The holographic process differs 
from the DFWM process in the respect that the xanthen dye-doped film can record spatial information on light 
like a hologram. The DFWM component has a response time of -msec， which is by a factor of 4 faster than 
that of the holographic component. The difference in their response times in the two processes is important in 
real-time and double-exposure phase-conjugate interferometries. Of xanthen dyes such as eosin， erythrosin and 
fluorescein， an eosin-doped gelatin film is most suitable for phase‘conjugate interferometries 
1.はじめに
位相共役波は，もとの波に対して波面の形を変えずに，伝播してきた光路を逆に進む性質をもっ










グラフイ 3)のほかに，誘導ブリュアン散乱4) 3波混合5) 縮退4波混合6)-10)などが用いられ，そ
の有効性が示された。これらの実験では，位相共役波を発生させる素子として，ホログラフィ乾

























プローブ光路内の Oに置き 像面 iに結像する O コントラストの高しミ干渉パターンを得るため
には 2種類の位相共役波の減衰時定数を前もって知る必要がある O プローブ光を遮断するため
のシャツタ S]はこの目的に使われる。色素薄膜にホログラフィ成分を記録するときには，シャツ
タSzによってポンプ光の----方(実験では E])を遮断する。
































































図 4の実験結果から，エオシン Y，エリトロシン B，フルオレセインともに，時間とともにホ
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1 stStep: Hologram-Recording 
トーμ主人
(9) 



















1 T*]+T¥ 1 2を図一 7に示す。これらの干渉パターンの写真は左から右に，ガラスセルに温水
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Generation of a phase-conjugate wave in a saturable-dye-doped planar waveguide 
SHIGEKI MIY AN AG A， TOMOAKI Y AMABA Y ASHI， KATSUHIRO MURA Y AMA， HIROFUMI 
FUJI¥九TARA
Abstract 
A phase.conjugate wave (PCW) by degenerate fourwave mixing (DFWM) in a nonlinear.optical waveguide 
was observed with a Ar.ion laser. The planar waveguide consists of a transparent poly.vinyl alcohl (PV A) 
layer partly doped w】therythrosin B. The DFWM excitation was performed as follows: two pump waves im 
pinged in the interaction region of the waveguide from the outside and a probe wave was introduced into the 
guiding layer by a prism coupler. The PCW reflectivity of 6.3 X 10-5 outside the prism coupler was obtained 
at a pump mtens町 of1.2 W /cm2 in the PVA film having a t町 k配 ssof about 80 p m and the product of a 
small.signal absorption coefficient and the film thickness of 0.97: the probe intensity was chosen to be 0.2 of 
the pump intensity. If the prism.outcoupling dficiency is assumed to be 100 percent， this corresponds to the 
PCW reflectivity of 4.2 X 10" inside the waveguide by taking into consideration the prism'coupling efficiency 























































































400 500 600 450 
Wavelength (nm) 
550 







光導波路を用いる縮退 4光波混合の光学系を図-4 (a)， (b)に示す。
Arイオンレーザーからの光ビームを，ビームスプリッター bs)によってポンプ光とプロープ光
の2つのビームに分ける。ポンプ光ビームを，ビームスプリッター bS2によってさらに等しいパ
ワーの 2つのビームに分け、反射鏡 mによって互いに対向して伝搬する 2つのポンプ光とする O
一方，プローブ光ビームは， レンズ lで絞り，ビームスプリッター bs3，反射鏡mを通して，プ

















図-4 (a)光導波路を用いた縮退4光i皮混合の光学系と(b)相互作用系。 bSI~bS3 はビームス
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した。図一 5の実験では，図-4(a)のビームスプリッター bsj- bS3はすべて I対 1の分割比の
ものを用いているが，本実験で使用した Arイオンレーザーの出力では，ポンプ光ビーム径併を
<p = 6 mm程度に広げると，ポンフ。光強度は0.4W/cm2程度でAあった(図-5黒丸の実験値)。活
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Application of Spread Spectrum Communication to Pata Transmission over Elec 
tric Power Distribution Line 
Kazuhiro ICHIY ANAGI， Toshikazu KUROSHIMA， Ichiro SUGIOKA and Shigeshi 
AKIYAMA 
Abstract 
1n the construction of a home information systεm， a electric power distribution linl ト Jttractecl:;pt'(']λ11 
tcrest for the data transmission line. Advantages of the power distribution line are rea:;onably uru¥('r:;al ('()¥円
a耳eand easy acccss via a standard wall plug. But‘as the data transmission line， its diおacl、anta日esart' 1) li 
mited communication bandwidth and signal voltage level， 2) relatively high levels of el山 lricnoise ancl impe 
dance fluctuations. and so on 
On the other hand， the spreacl spectrum communication has some remarkable features against the electric 
noise ancl the interference. Therefore， the spread spectrum communication is expected to apply the data tr日n汽
mission technique for the home information system passing through the power distributed line 
This paper describes on a experimental system for analog signals transmission which is applied some ideas 
of the spread spectrum communication via the power distribution line. 1n conclusion， from results of the trans-
mission test using its system. we found that the suppressed clock pulse duration moduration technique is use 
ful for the primary moduration in the case of analog signal transmission over the power distribution line ap 



































( 1 )継続性雑音 :誘導雑音，低周波雑音，コロナ雑音










( 1 ) 伝送信号
3. システムの概要
本研究では，アナログ情報信号(10kHz以下の音声)を電燈線を伝送路として通信を行なう。
( 2 ) 拡散変調方式
本研究においては，次の2種類の拡散変調方式によって実験システムを製作した。
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り波の電圧レベルを超えると[1 ](十 5V)，それ以外は[O](OV)が比較器から出力され[1 ]の
長さが可変調のパルス波が生成される。このパルスの[1 ]の長さは，ホールドされているデータ
の電圧レベルによって決定されることになる。このパルス波がPDM波であり，これとクロック
パルスを1/2に分周したものとの排他的論理和をとったものが抑圧された SCPDM波である O こ
のSCPDM波と PDM波を比較すると，実行サンプリング周波数が1/2になっていることがわかる。
従って SCPDMにおいて必要な情報帯域幅は， PDMの1/2となる O
次に SCPDMの復調過程について述べる o SCPDMの復調過程は当然，変調過程とは逆の手順
で行われる o SCPDM復調器に入力された SCPDM波は まず抑圧されているクロァク情報が加










( 2 ) 送信側
情報信号が入力された SCPDM変調器は， SCPDM波を発生する。この SCPDM波と M系列符
号とで排他的論理和をとり拡散符号を得ることができる。この符号を新たな拡散符号として，搬




( 3 ) 受信側
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Pseude-Noise Code Synchronization in Spread Spectrum Communication 
Kazuhiro ICHIYANAGI， Toshikazu KUROSHIMA， 
Ichiro SUGIOKA and Shigeshi AKIY AMA 
Abstract 
The spread spectrum communication include remarkable features. Therefore， itis attempted to apply this 
technique to many department of communications recently. In spread spectrum communication techniques， the 
pseude-noise(PN) code synchronization is a very important problem to establish communication channels， so 
that a great many techniques has proposed concerned with the PN code synchronization. This paper describes 
on a experimental spread spectrum communication system adopting the PN code snychronization circuit which 
is combined the delay.locked loop circuit and the phase-sensing circuit. In conclusion， from results of the trans 
mission test using its system， we found that our newly developed PN code synchronization circuit is one of the 
reliable circuit for the spread spectrum communication system 
1.はじめに
スペクトラム拡散 (SpreadSpectrum :以下回と記す)通信方式1)ー7)は，一般に搬送波を信号









号の通信であるから，一次変調として，ここでは， ASK (Amplitude Shift Keying)lO).J)， PSK (Phase 





る。これを図ー 1に示す。無変調搬送波 cosωctを図一 l(a )に示す。オン・オフベースパンド信
号y(t)を図 1( b )に示す。搬送波の振幅を y(t)に比例して変化させると，図ー 1( c )に示す被
変調信号 y(t)coswctが得られる。被変調信号もオン・オフ信号となる。 ASK信号をさらに PN









ベースパンド信号 y(t)が図ー 2( a )のよう
に+及びーの信号であると，対応する被変調
信号 y(t)cosωctは図一 2( b )のようなBPSK
信号となる。また，データを周波数変化で変
調すると，図 2( c )に示すFSK信号となる。
Oを周波数ωcOで 1を周波数ωclで対応させ
る。図-2 ( b )の BPSK信号のスペクトラム
を図 3( a )に，また，図一 2( c )の FSK信















( b )底調信号 y(1) t→ 
Mnnnnnnn nn vu VUUUUUU VVV I→ 
【c) A S K y (t) cos (ω.1】
図-1 ASK信号の生成
円「十1 円u 日
【a) 1¥'銅惜号 y (1) 
(b) PSK y(t)cos(ω ，t) 
Mn ^  ^ AMnnnM ^  ^ ^ ^ ^ nAn vu v vvuvuv v v v v VVVU ，_ 




















示す。図-4 ( c)のデータ信号は PN符号 J 
発生クロックと立ち上がりをそろえ，図-
4 ( d )となり，さらに図-4 ( b )の PN符 ー
号との間で排他的論理和をとることにより










拡散されたSS信号となる O ここで図← 4( c )のデータを加工して図 4( d)にするのは， PN符







た図 4( b )の排他的論理和
をとることにより図-4 ( d ) 
のデータ信号の再生ができ
るO










るSS信号変調器を示している c この場合，図 5( a )と図 5( b )とは非常に似た SS信号が得ら
れる。本実験システムで用いる l符号変調」万式の SS信号は一次変調に BPSKを用いた直接拡
散方式と同様σ性質を有していると考えられる O
2.3 同期捕捉・保持
PN符号系列として本研究では M系列符号系列を採用している o M系列符号の同期捕捉・保持


























送信側 M 系列発生クロック周波数を fs. 受信側 M 系列発生クロソク周波数を fR • M系列符号
を生成するのに使用するシフトレジスタの数を nとすると，スライデイング相関を用いた場合
の最大同期捕捉時間 Tは







本実験システムの全体のブロック図を図 7に示す。図一 7はパソコン Aからパソコン Bへの
表一 1 実験システム仕様
項目 | 仕様 | 
変調}j式 | スベクトラム拡散方式
拡散克式 | 直接拡散方式 | 
拡散符号 I M系列符号
中心周波数 I 50 IkHzl 
拡散符号クロック I 2∞ IkHzl 



























表 2 M系列符号独立発症による SS信号伝送実験の条件
















号が入力するまでの時間 tを測定することができる(図 8( a )参照)。伝送線を接続するスイッ
チとユニバーサルカウンタの B端子に接続するスイッチを連動することにより，受信側に SS信
号が入力される時刻とカウンタの B端子に入力する信号の立ち上がり時刻を一致させる(図 8




























関方式を用いた場合の最大同期捕捉時間は(1)式で示した。それをここで適用すると， fs =202.5 
(kHz)， fr=201.8(kHz)， n二 7であるから最大向期捕捉時間 TはT=181.9(mS)となる。同期の
サーチを始める位置はランダムであるから，平均同期捕捉時間は， 91.0(mS)となる。一方，実
ここで，























































t宝〉・+5 V 且ぴ GND~ 省略
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Code Moduration Technique in Spread Spectrum Communication 
Kazuhiro ICHIYANAGl， Toshikazu KUROSHIMA， 
Ichiro SUGIOKA and Shigeshi AKIY AMA 
Abstract 
The moduration technique in the spread spectrum communication usually inc1udes the process to modurate 
the carrier signal by means of ASK， PSK or FSK as the primary moduration， and then primary modurated sig-
nals are spreaded by the use of pseudo-noise(PN) code as the secondary moduration 
In spread spectrum communication techniques， the PN code synchronization is a very important problem to 
establish the communication channels， so that a great many techniques has proposed concerned with it. In the 
case of digital date transmission system， a moduration technique which is called code moduration may be prop-
osed in this paper‘The moduration method inc1ude the procedure to multiply the PN code and data signal as 
the primary moduration， and then carrier signal is spreaded using that newly produced spread signal. The 
advantage of the code moduration is easy to establish the PN code synchronization 
This paper describes on a experimental system using the circuit to process the carrier and the c10ck for PN 
code generator in phase. In conclusion， from results of the transmission test using its system， we found that 
our newly developed synchronization circuit is reliable for the spread spectrum communication system to 
transmit digital signals 
1.はじめに
最近，特に注目されつつある通信方式にスペクトラム拡散 (SpreadSpectrum，以下回と略記)




















非同期状態から送受信聞の PN(Peudo Noise)符号系列のフレーム (PN符号パターンの一周
期分)の時間ずれを一致させること，即ち，非同期状態から符号の位相を合わせ，同期状態にす
ることを同期捕捉 (initialsyncronization，又は，初期間期)という O 同期捕捉には同期信号ー挿
入方式や整合フィルタを用いる方式等があるが，ここでは本研究で用いたスライデイング相関器
について述べる O
スライデイング相関器 (slidingcorrelator)は最も単純な同期方式である O 凶 1はその動作
の流れを示したものである。受信側のクロック周波数にオフセットを与え，受信側の PN符号系
列をスライドさせて送受信聞の両方の PN符号の相対位相をずらし，相関値を調べる O 予め設定
したしきい値を越えるレベルの相関値が得られると， PN符号系列の位相が合ったものとして
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長系列， M系列符号を使用した。 PN符号発生器のクロック信号には， 3. 579545MHzの水品発振










































期追跡部である DLLである。 DLLは，図-7に示すように PN符号発生器のシフトレジスタの N
























のクロック周波数を fs，ロック時のクロック周波数を foで表すと，サーチ速度は， I fs-fo Iで
ある。これは1秒間にサーチできる PN符号系列のピット数を表している。同期捕捉には最大で
一周期分サーチする必要があるので， PN符号系列の長さを m=2n_ 1とすると，最大同期捕捉
時間 tmは，













であたえられる O 又，信号がなくても雑音によって同期を検出してしまう同期誤り率 Pfは，
~ J';(I.oise)d V -f ~g(nois例 V

























で信号を伝送線に出力する O アナログ・スイッチを ON・OFFさせるための信号は，スイァチン
グ・パルス発生回路から出力する。受信側で逆拡散された信号のレベルを検出することで同期が
















れは， M系列符号の一周期の長さがかわることに相当する O 測定値は10回測定して平均値をとっ





らつきはあったが，この傾向がはっきりと現れている o M系列符号の代わりに lピットの繰り
返しパルスを使用した場合，サーチは 1ピァト以内となるので，最小の捕捉時間と言うことがで
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Cloning and Expression of Mycobacterium tuberculosis DAN in Escherichia coli 
Shintaro KIKUCHI and Papachan E. KOLLA TTUKUDY* 
Abstract 
Although Mycobacterium tuberculosis is one of the first identified pathogenic bacteria in man， the biochemical 
and immunochemical characterization of the bacterial antigens have been limited by difficulties in dealing with 
this bacilli in vitro 
As the the cloning and DNA recombination technique have been considered to be an effective strategy to 
survey the genes encoding protein antigens relevant for such studies， M. tuberculosis genomic DNA was isolated 
and the fragments with randomly generated endpoints were used to construct a lambda gtl reconbinant lib 
rary. The antigens encoded by the recombinant could be accumulated in Escherichia coli strain defective in pro 
tein degradation (l側)， because gtl permits insertion of foreign DNA in the iJ -galactosidase strudtural gene， 1αc 
Z， and promotes synthesis of hybrid proteins. A very low molecular weight polypeptide， .compared with the 
size of recombinant DNA， was detected by Western blotting with hyperimmune rabbit serum. These results 
have indicated that mycobacterial DNA could be expressed in E. coli， but the transcription.translation appar. 
atus of this enterobateria would recognize some M. tubeγculosis amino acid.coding.DNA sequence as the initia 





菌と総称されている 1)。抗酸菌は，また，その生育速度にもとづいて，世代時間が 3~4 時間の
速育菌 fast.grower(M. smegmatisや烏型結核医JM. aviumなど)と，生育がきわめて緩慢で、とき
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ITR Bioch印 licalResearch (米国シカゴ市)より譲与された M.tuberculosis BCG 361株を Davis
らの方法l)に従って PTO培地，およびSauton培地で培養した。菌の生育が対数増殖期前期に達
した時，あらかじめ液過滅菌した D シクロセリンを最終濃度 1mg/mlとなるように培地に添加
し，さらに 7日間培養を続けた。培養後，遠心分離によって集菌した菌体を50mMエチレンジア





クロロホルム フェノール混液 (1 l，v/v)を加えて室温で15分間撹狩した。 3，OOOXgに
て30分間遠心分離を行って水層を分取した後 これに等容のクロロホルム イソアミルアルコー
ル混液 (24: 1， v/v)を加えて15分間撹杵した。 3，000Xgにて15分間冷却遠心分離を行って
水層を分取し，これに2.5倍容の冷エチルアルコールを加えて粗 DNAを析出させた。こうして
得た粗DNAを0.4塩化ナトリウム水溶液に懸濁し，.l.5%(w/v)セチルトリメチルアンモニウ




精製 DNAをO.lM塩化ナトリウム/0.1μMEDTA/20μMトリス 塩酸緩衝液 (pH7.5)に
溶解し， 25ゲージの皮下針を通過させて平均5，000塩基対(5 kb)の長さに切断した。 t)日断の程
度は水平型アガロースゲル電気泳動によってモニターした。次いで、 DNA溶液に50μlのEcoRIメ
チラーゼ緩衝液(1μM EDTA/50μMトリスー塩酸緩衝液， pH 7.5) と5μlの10μMSアデ
ノシルーL~ メチオニン，および過剰量の Eco RIメチラーゼを加えて DNAのEcoRI切断をメチル
化した後， T4DNAポリメラーによって DNA末端をブラント化した。この DNA溶液に等容の冷
エチルアルコールを加えて DNAを沈澱回収した後，これを10f1M塩化マグネシウム/10μM




EDTA/lOμMトリス 塩酸緩衝液 (pH7.5)に溶解した後，定法に従ってファージ lambdagtll 




すなわち， 0.2% (w/v)マルトース添加培地 (LB)で培養して細胞表面のファージ受容体を誘










してさらに 3時間培養を続けた。フィルターを取り出して TES緩衝液 (O.lM塩化ナトリウム/
プレートを370Cに移
(w/v)の牛血清ア
ルブミン (BSA) をふすむ TES緩衝液 (B-TES) に30分間浸してブロックをおこない，次いで
フィルターを TES緩衝液で103倍に希釈した抗血清をふくむ B-TESに移して室温で 1時間抗原
5% O.OlmM EDT A/50mMトリス一塩酸緩衝液， pH 8.0)で洗浄した後，
および0.05%(w/v) Tween80 
をふくむ TES緩衝液で、洗浄し，さらに放射性ヨード標識プロテイン A (NEN杜， 125I_Protein A， 
抗体反応をおこなわせた。反応後フィルターを， TES緩衝液，









































Absorption spectrum of the purified DNA 
preparation scanned with a Beckman UV 




Strategy of construct a comprehensive 













は3X 104pfuの一次ファージ粒子を得，さらに大腸菌 Y-I088株を宿主として 1ml当り lOl1pfu



















Fig. 3 Arrays of antigens from mycobacterial 
DNA clones probed with rabbit hyper 
immune serum. The arrow (A) and (8) 
were typical examples of a strong sig 
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Fig. 4 Agarose gel electrophoresis of DNA 
from gtI: M. lubercωosis recombinant 
molecules before (Ianes 2， 4， and 6) 
and after (lanes 3， 5， and 7 ) diges 
tion with restriction enzymes indi. 
cated. Bacteriophage lambba DNA 
digested with Sty 1 was used as size 
marker (lane 1). The sizes of frag 




























Fig. 5 SDS-polyacrylamide gel electrophoresis 
and Westernblotting analysis of hyb-
rid protein accumulated. Lysate were 
loaded on polyacrylamide， subjected to 
electrophoresis， and blotted on a nit 
rocellulose filter. The filter was incu 
bated with anti-serum followed by in 
125 cubation with"""I-protein-A， and pro 
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Fig. 6 Molecular map of galactosidase: M. tuberculosis 
recombinant region. _， s -galactosidase 
structural gene; - ， M. tubercωosis DNA in 
serted; Tl， T2， base sequences recognized as the 
termination codon by E. coli; !， base sequences 
recognized as the initiation codon by E. coli; E， 
Eco R! cleaving site. The orientation 01 trans 













出されないことから， T]はpー ガラクトシダーゼ遺伝子の下流に位置し， しかもこの酵素遺伝子
のきわめて近傍に存在していることが示唆された。その後，開始領域Iからの第二のタンパク質
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A Procedure for the Analysis of Long-Term Deflection 
of Reinforced Concrete Members and Its Adaptability 
杉野目 章・井野 智・伊藤正義・駒込 環
Akira SUGINOME*l， Satoru INO*2， Masayoshi ITO*3 and Tamaki KOMAGOME*4 
Abstract 
For deformation analysis of partially cracked floor members of reinforced concrete， a procedure with some 
modifications to our earlier system is proposed， 
Instead of its having relied on that concept of average for the oft-cited effective member stiffness long used 
thus far at least in ancillary form by the ACI Code， the present system can afford to account for the detail of 
steel arrangement along a member by treating al its sections assumed attendant on finite difference subdivi 
sion for beam analysis 
In a consistent attempt， the whole lengthwise sectional variation is considered as well in the long-time case 
of analysis. Then， a long standing notion of increased modular ratio is adopted， alternatively to the AC['s time-
dependent multiplier which is given also in_ average form by way of direct inclusion of the effect of the creep 
resistant compression steel. 
Relative adequacy of the proposed procedure is discussed in comparison of many cases of earlier test results 
in the literature with deflection estimates by our method and commonly available code methods. 
1. Introduction 
1) Our earlier proposed procedure" for predictive deflection analysis of an r/c floor structure as a 
whole inclusive of its supporting frame， while taking account of the time-dependency of concrete， 
depends for post-cracking member stiffness on the effective moment of inertia2)， long used so far in 
3) 
the ACI"' or certain major structural design codes， as well as on the auxiliary assumptions to 
facilitate its practically simplified estimation 
These include assumed average uniform effective stiffness of a linear member over the whole 
span and considered effects of reinforcem巴ntonly at mid-span sections for calculating deflections， 
hence the result being not satisfactorily responsible for the overall crack distribution and the en 
tire reinforcement detail of the member 
*1 Muroran Institute of Technology， Muroran， 050; *2 Faculty of Engineering， Hokkaido University， Sapporo， 060; 
*3 Hokkaido Institute of Technology， Sapporo. *4 Graduate Student， Faculty of Engineering， Hokkaido 
006 Japan; University 
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At this time we presents an improved system of procedure being of use for a member with an 
arbitrary crack distribution or a so-called variable cross-sectioned structure by taking advantage 
of its finite difference treatment. Initially we explain the fundamentals of the current1y adopted 
procedure and the ca1culation detail based on iterated elastic analysis to result in immediate de-
flections due to iteratively modified sectional properties; followed by our formulating a ca1culation 
system for time-dependent additional deflection at an arbitrary member age， resorting to modified 
concrete properties by a traditional method for that long-time case. 
Further， we review the degree of adaptability of our procedure by employing available long-time 
test results on beam or one-way slab models. And we last1y make a systematic calculation of the 
def!ection at infinite years ofconcrete age (terminative deflection) for a number of ca1culation mod 
el beams with various combinations of sectional size， supporting or other conditions， subsequently 
to discuss the results respecting the notable inc1inations of long-time deflection and the ser-
viceability limits for beam members having customarily practicable demensions 
2. Analytical System 
2. 1 Formulations for Elastic Deflection 
For its succeeding d己velopmentin difference form， now introduced is a known relation between 
deflection y of a variably crbss-
sectioned beam and distance x 
from its left end to the considered 
ピ .4)secuon: 
d2 dう。
すー(1.~{)=一三 (1) dx~ "x d"x ' E 
were， as is well known，【j2M/dx2
= -qx and d2y / dx2 = -M/Elx 
ー
I Ax I Ax I A王→ 』 Ax Ax 
附同訓川旧b
m-2 m-l m+l 
Lx 
Fig. 1. Difference Subdivision with Numbering System 
with Mx = bending moment， qx = intensity of load of any distribution， E = elastic modulus and Ix 
= moment of intertia， al respecting this section. 
When a beam member is subdivided into m equal parts shown in Figs. 1 and 2 difference ex 
pressions for the above bending moment and deflection at section i respectively become 
Mi= -Eli(Yi-I-2Yi+Yi+I)/ムxZ (2) 
ki-1Yi-2-2(ki-1 +k)Yi十(ki-1十4ki+k什 l)Yi-2(ki + ki+1 )Yi十1十ki+め+2=qiムx4/E1o (3) 
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where : ki = 1/10 = stiffness ratio for section i; 10 = moment of inertia for reference section and Ii 
=that for section i. 
With end conditions for a simple beam， Yo = 0 and Y m = 0， both difference expressions for M = 
dl/d2x =0 at its end sections are written as: (Y-j-2YO+Yl)/ムx2=0as well as (Ym-1-2Ym + 
Ym+4)/ムx2=0，hence Y_j=-Yj and Ym+j=-Ymー1・
For a both-end fixed beam the difference expressions for y=O and dy/dx=O at both ends are 
respectively Yoニ oor Ym =0 and (Yj-Y_j)/2ムx=Oor (Ym-j-Ym+j)/2ムx=O;naturally Y_j =Yj 
and Ym+l =Ym-j 
Assuming the stiffness ratio for any section i as ki(i=Lm) =l.0 and solving the resulting simul 
taneous equation system for deflections Yi (戸Lm-1)' obtained by using Eq. (3) and the boundary 
conditions above， gives an elastic deflectionムeat each section. 
2. 2 Immediate Deflection 
We use the following well-documented equation for member stiffness， proposed by D.E. Bran-
son2) and adopted in a similar form by the design code initially referred to， in which Ma is cur 
rently obtained as Mi of Eq. (2) for each section， i， by substituting in the equation the values of 
suffixed y's i.e.， the deflections obtained by solving Eq. (3). 
乙=(Mげ /M)¥o+ (1-(M，げ /MjJlcT 
prov出 dIe = Ig(J for IMal < Mcr 
(4) 
where : Ma bending moment， Mcr cracking moments both acting on section i， and of this sec-
tion， Ie effective moment of inertia， Ig(J moment of inertia of gross concrete section ignoring 
thεsteel and Icr = that of cracked transformed section_ 
Involving partial discretion in certain assumptions if immaterial in most cases， specific calcula-
tions we depend on for those properties will be affirmed next: i.e.， for a rectangular section: 
Iげ =b (cd)3 /12+ bcd (cd/2)2 +nA's (cd _d，)2 +ηAs(d-cd/ (5) 
wher巴:b beam width， c relative depth of neutral axis， d effective depth of section， d'
distance from compression face to cehtroid of compression steel， n modular ratio， As tension 
steel area， A's = compression steel area and， when expressed in terms of steel ratios p (= A/bd) 
and p' (=A'/bd): 
c = v'i~(ρ+ρ d'/d)+η2(ρ+ρ ')2-n( ρ + p') (6) 
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The effective width， B， required in case of counting in the effect of slab panels in positive bend-
ing regions is provided by the corresponding ]apanese r/c code equations. In this case Icr for a te-
section is as follows when the neutral axis， ca1culated by Eq. (6)， on putting p A/Bd and p' 
= A'/Bd， isinside the flange: 
ん=B(cd)3 /12+ Bcd (cd/2)2 +nA's (cd _d')2 +nAs (d -Cd)2 
When the neutral axis is inside the web， with t flange thickness 
ん=Bt3/12十Bt(cd-t/2)2十叫's(cdー イ)2+nAs(d-cd)2 
where c = (t2 / d2十2n(ρ+ργ/d))/2[t/d十n(p +ρ') ) 
On the other hand， for member sections where 1Mal<Mcr' Ig 
(= Ie) is as follows， taki時 accountof the reinforce町 ntand re-





ι= bh3/12+bh(h/2-cd)2+(B-t)t3/12+(B-b)t(cd Fig. 2. Sectional Assumptions 
-t/2)2十nAs(d-cd)2+nAJ(cd-dF)240
c = (t2(l-b/B)/ポ+bh2/Bb2+2n(ρ+ργ/d))/j2[t+b(h-t)/B)/d+2n(ρ+ρ') I (l) 
Eqs. (10) and (l) for a tee-section are used with t = 0 and B = b when applied to a rectangular 
section. 
Using the Ie obtained by Eqs. (4) through (l) in the course of iterating the ca1culation explained 
in the preceding section results in the immediate deflectionムiof a beam member， including the 
effect of concrete cracking 
2. 3 Additional Deflection due to Bond-Slip of the Steel 
The additional deflectionムsdue to the bond-slip of a reinforcement anchorage at a member end 
section can be of relative significance in case oI a slab with a larger span/depth ratio， especially 
when its巴ndtop reinforcement is liable to be lowered during construction work， while in beam the 
1 ) bond-slip effect is usually negligibly smaW'. Accordingly it will not be considered on beams but on 
slabs alone 
An angle of rotationθdue to the bond-slip by an amount u in the top steel anchorage at en-
castered ends of a floor slab may be estimated by the following equation on assuming that the axis 
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of that slab rotation is the neutral axis obtained for a cracked section by Eq_ (9)_ 
θ=u/(d-cd) (12) 
The relevant deflection ss isca1culated from the result of solving a slab panel restrained with a 
forced rotation B along al its edges， I.e_， depending on such a simultaneous set of difference equa-
tions in terms of ss as can be formulated by putting qi = 0 inEq_ (3) and eliminating the terms 
concerning external points of subdivision by making use of either of the relations: (y 1-Y -1) /2ムx
=θand (Ym-1-Ym+1)/2sx =θ. 
2. 4 Long-Time Deflection 
Use is made of principal ideas of the increased-n method， referred to as in Ref_ 1)， whose con-
cepts are given in publications of Large)， Branson2)， Mayer6)， Beeb/) and others; a method based 
on an introduced nominal elastic modulus called effective modulus thereby to account for the effect 
of time-dependent creep strain on a long-time deflectionム汁cp'earlier being a sum of immediate 
portion and that aftected by creep， which may now be provided in one through a procedure similar 
to the ca1culation of elastic or immediate deflections_ 
In this case， supposed beforehand is a creep coefficient of the concrete， o t' dependent on con-
crete age at the start of loading， loading period， atomospheric and other conditions; together with 
an effective elastic modulus Ect of the concrete and modular ratio nt of the stel; both put in such 
forms as: 
Ect = E/(1 + o t) (13) nt = n(1+併t) (14) 
Then we ca1culate again Icr and Ig respectively of Eqs_ (5) and (10)_ And from the Ie value now 
obtained for each section i on assuming moment Mi isconstant the corresponding stiffness ratio is 
ca1culated as ki ofEq_ (3) when putting E = Ec = Ect in it， to decide as a result Yi therein for the 
required solution s i+cp-
Next， we calculate s i +cp+sh' a long time deflection so far separated into portions，ムcpand s sh' 
respectively owing to creep and shrinkage， in essentially the same way as the derivation of si+cp' 
currently in directly combined form_ The calculation of effective elastic modulus E'ct and modular 
ratio n't of reinforcing bar is here made by the following equation proposed by Yu and Winter8l_ 
E'ct = E/(1+0.93αEyt1/3/a1/2_5) 札。 n't = E/E'ct (16) 
where: Ec elastic modulus of concrete， Y multiplying factor due to years of duration of 
loading， t days of duration of loading; provided t isassumed to be 365 in case of t over that 
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number， a age in days of loaded member at the start of loading and αcoefficient by which to 
include the effect of concrete slump (or α= 1.25 for a customary slump of 1.5 or SO)9) and Es = 
elastic modulus of reinforcing bars. 
The second term of the denominator of Eq. (15) is id巴nticalwith Shank's experimental equation5)， 
regarding both creep and shrinkage strain of the concrete， being given by him specific Y-values in 
year unit， which may alternatively be described by the following polinomial as a result of a perti 
nent regression analysis thereoe); i.e.， with N = years of duration of loading: 
Y = l.259十O.0592(N-3) -O.0236(N-3)z+O. 058(N-3)3 (1カ
3. Procedure 
There follows the necessary steps to be taken for the present beam or one-way slab def!ection 
analysis in consideration of the cracking and time.dependency of the concrete and the bond-slip of 
the anchored steel. i.e. : 
1 ) subdivide member lengthways. followed by its elastic analysis. with the difference method in 
use. to result in elastic deflectionムド
2) from that elastic solution work out maximal bendi時 moment(construct 
ity of cases)， and therefrom effective stiffness E人， also E}g， for each member section， assum-
ing concrete elastic modulus and modular ratio respectively to be Ec and n; 
3) perform deflection analysis for the member with bending stiffness E}e either for cracked re. 
gions or ECIg including steel effects for those uncracked， to result in Mj under the maximal 
load; 
4) using the end moment given in above step (3)， in case that end sections prove to be cracked， 
obtain additional deflectionムsand Mz， due to slipped anchorage， and add that additional mo. 
ment to the above Mj subsequently to modify the member stiffness in the cracked region; 
5 ) iterate previous steps (3) and (4) before convergence of the stiffness value at each section of 
the member; 
6) dependi昭 onr閉山erst出町ssmod凶edby using effective elastic modulus Ect and effective 
modular ratio nt， carry out analysis of step (3) to obtainムムi+cpunder long-time loads as 
sustained for t days of concrete age， provided that the n calculating Ie counts on Mj + Mz 
above; 
7) use E'ct and n't in place of Ect and nt in step (6) so as to provid巴ム 1十cp+shlikewise and 
8) calculate total long.time deflectionムs+ Llt 
136 
A Procedure for the Analysis of Long-Term Deflection 
of Reinforced Concrete Members and Its Adaptability 
Table 1_ Compared Earlier Deflection Measurements with Corresponding Predictions; on 
R/C Beams and One-¥町ayStrips from Available Long-Time Loading Test Reports， 
at Home and Abroad 
Workers曹Ith Des is- A88 of Concrt Properties Span Sectlonal Di醐 nsIons I司，d Deflections (c副 Rel. 
Ref. Hos. & nation In Days at <k./cm勺 & Reinforce田nt Loads 直竺三Neasured Pred ic ted 
Types of Mod- 。z Load- Meas司 F. E斗 L. B b t h A'. q~ (3) 品..・"
世1Structures M.d唖10 In. urmnt xl06 m om C阻 om ，. '" k.1悶 0， o‘ ，. " 4; t."t 
Washa-Fluck AI， M 14 900 255 2_ 08 6.1 20.3 20.3 30.5 A. 563 1. 35 2.36 1.50 2.51 1. 06 
(5) (¥l A2， A5 14 冊。 255 2.08 6.1 20.3 20.3 30.5 A.12 563 1. 57 3.23 1.57 3.23 1. 00 
Simple Be.1:田 A3， A6 14 900 255 2.08 6.1 20.3 20.3 20.3 I - 563 1. 70 4.47 1.65 5.88 1. 32 
個目t副，ular) Bl， 54 14 900 212 1. 91 6.1 15.2 15.2 20.3 A. 159 2.34 5.11 2.57 4.89 0.96 
82， B5 14 900 212 1. 91 6.1 15.2 20.3 A"/2 159 2.49 6.50 2.63 5.95 0.92 
83，酷 14 900 212 1. 91 6.1 15.2 15.2 12.7 159 2.64 8.64 2.70 9.58 1.11 
Cl， C4 14 900 208 1. 88 6.3 30.5 30.5 12.7 A. 122 4.01 8.00 4.29 7.48 0.94 
C2， C5 14 900 208 1. 88 6.3 30.5 30.5 12.7 A.12 122 4.34 10.06 4.42 9.27 0.92 
C3，C6 14 900 208 1. 88 6.3 30.5 30.5 12.7 12坦 4.78 14.07 4.61 16.00 1.14 
01， D4 14 900 205 1. 85 3.8 30.5 30.5 12.7 A. 341 1.19 2.77 1. 57 2.72 0.93 
02， 0直 14 900 205 1. 85 3.8 30.5 30.5 12.7 A..12 341 1.42 3.30 1. 63 3.37 1.02 
田，田 14 900 226 1. 92 3.8 30.5 30.5 12.7 341 1.78 4.45 1. 65 5.83 1. 31 
El， E4 14 900 210 1. 88 5.3 30.5 30.5 7.6 A. 57 5.94 12.40 5.23 10.30 0.83 
E2，E5 14 900 210 1. 88 5.3 30.5 30.5 7.6 A.12 57 5.59 12.88 5‘39 12.40 0.96 
回， E6 14 900 210 1. 88 5.3 30.5 30.5 7.6 57 6.30 18.49 5.53 19.35 1. 05 
Yu-¥liinter A 30 180 259 1. 80 6.1 30.5 15.2 6.4 加 5 655 3.40 6.73 3.22 5.66 0.84 
(3) B 29 180 273 1. 76 6.1 30.5 15.2 6.4 30.5 A./2 656 3. 14 5.66 3.18 4.89 0.86 
Simpl骨 B圃畠田S c 28 180 248 1. 76 6.1 30.5 15.2 6.4 30.5 A. 653 3.02 5.18 3.15 4.44 0.86 
<Tee) D 31 180 259 1. 80 6. 1 61. 0 15.2 6.4 30.5 1196 3.23 6.71 3.51 5.90 0.88 
E 29 180 299 1. 84 4.3 30.5 15.2 6.4 30.5 1253 1. 30 2.92 1. 56 2.83 0.97 
F 34 180 299 1. 84 6. 1 30.5 15.2 5.1 20.3 387 5.59 10.03 5.91 10.80 1. 03 
Washa-Fluck tXl，X4 14 900 227 1. 99 6.1 15.2 15.2 20.3 A. 283 1. 42 2.90 1. 70 3.20 1. 01 
(日 tX2，X5 14 900 227 1. 99 6.1 15.2 15.2 20.3 A，12 283 1.45 3.23 1. 72 3.60 1.11 
Two-Span tX3，X6 14 900 227 1. 99 6.1 15.2 15.2 20.3 283 1.57 3.78 1. 75 4.74 1. 25 
Continuous 'Yl. Y4 14 900 236 2.04 6.3 30.5 30.5 12.7 A. 217 2.26 4.00 2.70 4.73 1. 03 
<Rectangular) tY2. Y5 14 
| 
6.3 30.5 30.5 I - 12.7 A~12 217 2.36 5.35 1.07 
'Y3. Y6 14 900 ¥ 236 i 2.04 6.3 30.5 30.5 12.7 217 2.54 5.99 i 2.81 7.28 1. 22 
千ZI，Z4 14 900 I 232 ! 2.10 5.3 30.5 7.6 A. 101 2.64 5. 89 i 3， 48 6.60 1. 12 
'Z2.Z5 14 900 I 232 I 2.10 5.3 30.5 7.6 A~/2 101 2.87 6.78 I 3.52 7.38 1. 09 
'Z3， Z6 14 900 I 232 I 2.10 5.3 30.3 30.31 - 7.6 101 3.05 7.93 I 3.54 9.54 1. 20 
I曹ahara SL-l 35 40.0 i :. ~ 297 1. 62 i 0.95 (7)， (8) SL-2 35 140 i ::~ i::~ 3300i4400o 0 40.0 ー 13.0 140 O. 02 ! O. 55 0.07 0.45 I 0.82 
白3官-¥/ay SL-3 35 
1144001122708422998 6 
40.0 ー 13.0 297 0.20 ~ 0.90 I 0.32 1. 28 I 1.42 
S1ab St r ips SL司4 35 3.01 40.0 40.0 ー 13.0 297 O. 68 I 1. 92 0.41 2.06 I 1. 07 
'SN-l 30 856 204 2.32 4.0 45.0 45.0 13.7 430 O. 14 I 2.22 0.91 1. 94 I 0.87 
'SN-2 30 856 204 2.32 4.0 45.0 45.0 13.5 168 0.37 0.53 4.00 
'SN-3 30 856 204 2.32 4.0 45.0 45.0 13.5 429 0.16 1. 57 0.71 1. 52 0.97 
'SN-4 30 856 204 2.32 4.0 45.0 45.0 13.3 427 O. 17 1.78 1.51 2.92 1. 64 
Yallamo to S3 56 350 306 2.42 4.0 40.0 40.0 13.0 195 3.25 0.83 2.78 0.86 
(9) I S4 56 350 306 2.42 4.0 40.0 40.0 13.0 195 3.05 0.83 2.78 0.91 . 'SI 56 350 306 2.42 5.3 40.0 40.0 13.0 231 2.30 1.49 2.61 1.13 
'S2 56 350 306 2.42 5.3 40.0 40.0 13.0 231 2.00 1.49 2.61 1. 31 
Matsuzaki "1 30 1. 85 4.2 100 100 12.0 576 O. 15 1. 60 0.76 1.61 1. 00 
(10) 'A2 30 350 I 163 1. 85 4.2 100 100 12.0 468 0.10 1.l6 0.47 1. 23 1. 06 . '.3 30 350 1 163 1. 85 4.2 100 100 12.0 288 0.06 0.82 0.10 0.54 0.66 
K。曲ri (1l .SI-A 56 90 205 1. 62 5.3 25.0 25.0 10.0 60 3.10 6.30 3.38 5.61 0.89 
， .SI-B 56 90 1 205 1. 62 5.3 25.0 25.0 10.0 60 1. 30 4.60 3.16 5.46 1.l9 
N'ote 
i 山田eredfor Dne-End-Suppor ted. Other .Fixed Cases; 
! 121 IJI S . 1Iall 'iu;'!Jerals (2)， (3) refer respectively t。引d-SpanCo神 r. Steel and !nclusion of Self-Weight 











Adopted to be set against corresponding caJculations for immediate and long-time deflections， 
afforded by our procedure， are eight case of sustained loading test results， i.e.， def!ection measure 
ments on either r/c beams or one-way slab strips under uniformly distributed loads， conducted by 
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。 5 
Predictions (cm) 
10 。 10 
Predictions (cm) 
20 
Fig. 3. Examined Degrees of Agreement between Measured and Predicted Deflections 
Washa and Fluck.lO)，1l) Yu and Winter.8l !wahara.12l •13l Yamamoto.14l Matsuzaki15l and Komori.16l 
Of these considered test models: 62 were simply supported. consisting of six tee-sectioned and 
all others rectangular; 18 fixed at one end with the other supported; and the r巴stof six fixed at 
both member ends. 
The check calculation supposed a concrete strength of 1.8"¥1'F;: (with Fc compressiv巴concrete
Table 2. Specific Assumptions for the Authors' Calculation Models 
Girders (One-and Two. 
Lateral Beams Note 
Bea'm.Supporting Types) 
Span Lx(cm) 450，600.750.800 600.750.900 Flange (Slab) Thickness= 1~ cm 
Lateral Span Ly (cm) 200.300，400 450.600.750.900 
Beam Sections 
Member Width 25.30.35 (Lx=450) 30.35，40 (Lx=600) 
25X40 (Lx=450). 35X60 (Lx=750) 
30.35，40 (Lx=600.750) 35，40，45 (Lx=750) 
30X50 (Lx=600). 40X70 (Lx=900) 
35，40，45 (Lx=900) 40，45.50 (Lx=900) 
Material Concrete : Strength F c 210kg/cm2 Concrete Modulus of Rupture 
Properties Concrete: Elast. Modulus Ec 21 OOOOkg/ cm2 =1.8¥1百kg/cm2
Concrete: Effective Mod. Ect 26600kg/cm2 
Steel Elast. Mod. E~ 2100000kg/cm2 
Loads Materials for Finish 80kg/m2 Construction Load=2.1 
Design Live Load 300kg/m2 times R/C Self.Weight 
Long-Time Imposed Load 100kg/m2 
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strength) as a rule， provided an alternative of 1.2 is used to the customary 1.8 for domestic cases 
with relatively small spans and limited degrees of cracking; with a difference subdivision of a span 
numbering ten. The reported deflection measurements of each test model， along with its overall 
and sectional dimensioning， are summarized in Table 1 in comparison with our corresponding pre. 
dictive calculations. Connectedly plotted in Fig. 3 are the above results， i.e.， immediate as well as 
long-time measurements against associated calculations， respectively as abscissas and ordinates. 
As for each such coordinat巴pair，while certain immediate deflections in the both-end fixed cases 
show a considerable difference of a predicted value from its measured correspondent， in most of 
the other cases sufficiently good agreements are generally seen as to immediate as well as long-
time values. 
Also， we attempted comparisons in the same context by separately using the methods of Koyana 
gi et a1.15) ， about to appear in Appendix 13.2 of the latest revision of the r/c design code by the 
Architectural Institute of Japan， and the two code methods each from the relevant publications by 
the European Concrete Committee20)， and the British Standard Institution21). The result shows a 
tolerably better adaptation of the current procedure than the others in the majority of the cases of 
181 tested structure models reproduced herein ノ
5. Final Deflections 
5. 1 Outline of Calculation 
The trial calculation models here introduced include beams of three types， i.e.， cases simply sup-
ported; supported at one end with the other fixed; and fixed at both ends. The others comprise 
both-end-fixed girders， with one or two lateral beams across each of them， having span Lx' effec-
tive width Ly， web width b， flange (or slab) depth t and associated material properties as well as 
load conditions as assumed in Table 2目 There，specifically， the whole depth of the girder is stepped 
down from the largest O.lLx 十 20cm at 5cm intervals， within a feasible range from single to dou 
ble arrangement of reinforcement by using the main and the lateral deformed steel of respective 
D19 and D10 of nominal diameter 
5.2 Deflection Limits 
Each deflection thus obtained and divided by the corresponding span length， now simply called 
final deflection ratio， isrearranged with the associated beam depth/ span ratio used as index; 
which effort leads to. Fig. 4 for both discussed beams and girders 
For the reason that our throughout assuming respective end and mid-span sections to be rect-
angular and tee， though additionally affirmed here， the practicable lower limits of beam depth are 
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considerably low， necessarily causing sharp increases in final deflection factors for depth/span 
ratios less than 0.0075. Relatedly， assuming say 0.002 of a serviceablity limit deflection factor re 
sults in permissible depth/span ratios ensured if they exceed 0.08 even for a simple beams. In the 
other case of end conditions， for beams and girders， capable of reinforcement in the present con 
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Relative Frequency Distributions of Final Deflection Factors in terms of 
Ratios of Final to Elastic Deflections for Cases in Fig. 4 
5.3 Estimation of Final Deflections 
Fig. 5 shows the distribution of ratio，ムt/ムe' i.e.， the ratio of the final to elastic deflection for 
al the beams analyzed. Using curves plotted thereムtmay roughtly be estimated by a multipliedムe
valueby the upper limit of that ratio which gen巴rallyvaries depending on end restraint or other 
external conditions. 
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Also found to be possible is a sufficiently accu-
8 1.0 
rate. quartic approximation of final deflection d 0 Lx=600cm Ly=300cm b=35cm 
』喝。喝 Lx=750cm Ly=300cm b=35c捌
A・Lx=900団1Ly=300cm b=40cm transition of a beam with any definite boundary 
conditions as its whole depth h only varies with 
??
「?
Lx . Ly and b kept constant 6 ?? ? ?
?
? ? ?
Fig. 6 where the relations obtained by that quar JtlLx 








A practical version of the above is illustrated in .; 
5 
tic between depth/span ratios and corresponding 4 
0 
0.15 
deflection ratios. immediate and final. is shown to 
be representable by a curve; specifically. as a re 3 0.05 0.10 
Member-DepthjSpan Rat;o 
Fig. 6. h/L， plotted againstム，1ム"
ム/L，andムt/LX
sult of using. by way of example. Lx 6.0. 7.5 
and 9.0 m; with b being any of the three central 
values in Table 2. And using these sets of data the preceding relation ofム/ムemay be expressed 




ムe tωofinal deぱfle伐叫ctlωO叩nムt ranges from ca. four to eight. averagi 時 six; 2) as far as reinforci 昭 them 
al is feasible. beams or girders fixed at both ends and those continuous are free from deflection 
damage; 3) one-span structures have such a possibility even in case their reinforcement is execut-
able. The foregoing findings for one-span members suggest the need for any comprehensive long 
time deflection analysis thereof. which is currently under way including the torsion of leteral gir 
ders. 
A conclusion to serve for a proposal deduced from the calculation results on simply supported 
、membersmay be that depth/span ratio should be at least 0.08 for one-span beams or girders. 
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A Study on Energy Absorption of the Joint with Plastics Screw 
Ken-ichi SAITO and Satoru HOSHINO 
Abstract 
For example， when the bolted Joint in pipe arrangement is subjected to water hammer， its energy is essen 
tially prescribed and the force acted on the bolt is consequetly determined， depending on the condition of the 
joint. This means that the joints with different allowable energy could be designed even if generated external 
forces are equal 
In thi，s paper， the initial tightening forces (named，“Optimum inital tightencng force Fopt") under which the 
allowable energy in the joint have maximum value are derived for two different types of bolted joint and com 
pared with the experimental results. 
As the result， obtained conclusions are summarized as follows 
(1) In the range of low residral pressure on the bearing surfaces， the bolted joint with O-ring (Type2) can 
absorb more energy than the joint with thin clamped cylinder (Typel) 
(2) In the range that required residual pressure exceeds a certain value， Typel is superior to Type2 in ener 
gy absorption. 
(3) Optimum initial tightening force Fopt could be predicted fairly well by use of simple calculation method 


























薄肉円筒と鋼製のクロスヘッドで構成し (Type1 )，図 2では鋼製の円筒と Oリング付きのクロ



















Fig. Typel (Joint with PC cylinder) 




Schematic diagram of tensile impact testing machine 3 Fig. 
Specification of testing machine Table 
WL=74.sHatα=900) Capacity of impact energy 
V=3.7 m/s(atα=900) 
1=612 mm Distance from the axis of sttpport to the point of 
lmpact 
Linear velocity of the point of impact 












































Fm = Fo (1 + Kc) (2) 











































































Initial tightening force Fo kN 































Frを確保することによって， Type 1では Emax(ムABC)から， Type 2では Emax(口ABCD)
からそれぞれハッチングで示す面積に減少する。図 9にはこれら 2つの締結タイプについて，
























































10 Joint diagram Fig 














v 1 + (Kt/Kc)(l -，1) (6) 
(7) 
















を貼って残留圧縮力の変動を測定する。また，板ばねが2個と 3個の場合 (Mode12とMode13) 
のばね定数は， Model1の場合の約1/2と1/3となり， Mode13は先に述べた Type1のばね定数に
















Fig. 12 Examples 01 experiment 
Eo=l.O J 
(b) Fr= 0 


































































E J Energy くする必要があるが， Ecrは，1=0の




















4 2 3 
Initial tightening force Fo kN 
O 
盲4.結




















4 2 3 




Influence of hold rate A on the Ecr 15 Fig目
る。
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Load Control of Rotary Snow Plow 
YUZURU KUBOT A， MITSUHISA Y AMASIT A， HIROMITSU HIKIT A， TOMUI W A T ABE 
Abstract 
Rotary snowplows are widely used for clearing roadways of snow 
In this paper， the automatic load control of the rotary snowplow was investigated to improve the worklng 
efficiency of the engine. For that reason， the speed control of the rotary snowplow was introduced to keep the 
total value of loads due to clearing.snow and car.running constant 
In order to realize the speed control， the following control methods were examined by means of the digital 
control. 
a) Engine Revolution Control 
b) Load Pressure Control 
c) Load Power Control 
d) Load Torque Control 
Those control methods were compared with simulations and experiments. By its results， itare got the load 
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θb (η) : n四時の出力


























































































従って，Mは各エンジン回転数で、計算式として与えることができる O またM を動作点とした制
ゲイン KbPおよび積分時間 Thlは図 4に示すように KbPエ 1， 
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fJ)n)=κp I er(η)+TTlj A「一一l+fJv(n-1)
er(n) =Nr(n) -NrO 
θ)n)， fJ)n-1) :日および (n-l)回時の制御出力
Kゅ:比例ゲイン
TrD:微分時間

































ブゴワ回転軸での馬力で考えると，除雪負荷馬力 (PS)HB=ブロワ回転軸負荷トルク (kgf'm) 
TBXブロワ軸回転数 (n.p.m)NsX 2π/(75X60)である o Tsは通常測定されないのでブロワ軸
駆動油圧ポンプ圧力 (kgf/ cnf ) P Bを測定して， TBにおきかえる O ブロワ駆動油圧モータトルク
T M (kgf' m)ニqm/(2πX100 X PB)より，この TM をブロワ駆動軸に換算して，HB=Khb・PB'NB








































除雪高さ 0.21 m 
雪密度 0.41 g /cnI 
サンプリング時間 o .1sec 
設定ブロワ回転数 300rpm 
制御設定馬力 ~ 160PS 










































































250[ ヨ字でE←.，..-.;.，.，ーで i 併でそう士プ





























1雪密度 0.25g /cnl 




















除雪高さ 0.3~ 1. 2m 
除雪条件 雪密度 0.35 g /cr! 
除雪幅 0.5~2.6m 
サンプリング時間 o .1sec 
ブロワ回章え書士 o rpm 
ブロワ 比例ゲイン l 
制御条件
積分待問 1 sec 
エンジン回転数 2000rpm 
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The Design of a Hydro-Mechanical Transmission for a Snow Plow 
TOMUI WATABE， YUZURU KUBOTA & YUHJI YANAGISAWA 
Abstract 
The improvement of efficient snow plowing is stil a big problem in the heavy snow regions. This paper is 
concerned with gaining a greater capacity of snow plowing， not by increasing the engine power， but only by 
usmg an automatlc transmlsslO日
We have studied a hydro.mechanical transmission (HMT) for this pupose. The HMT requires such compli 
cated investigations in design， that it has been seldom used except in military or aviation fields 
A case of an input of 200PS was investigated and the results were shown including a general view of the 
HMT which is almost the same size as a simple mechanical transmission 
It was proved by 300hrs of snow plowing tests， that the HMT increases the snow plow's capacity 20% more 
than the one equiped with a manual transmission 
key words: gear， hydraulic transmission， snow plow， hydro-mechanical transmission， split drive， automatic 
transmission， design engineering 
1 .緒昌
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課題名 内 各(対象の望まれている問題点) 対策案など




















ここで， Lb=プロワ一軸動力， Cb=定数， G二単位時間当り除雪量， Nb=ブロワ一回転数
図2は雪質が一定と見なせる場合，除雪量Gニ一定としたブロワ一軸トルク Tbである O 除雪



























































るO ただし油圧ポンプ・モータ 1組とこの制御系が追加になっている O
図 3は，以上の動力伝達系をスケルトン図として示したものである。従来の動力分配機では，




























ここで，ムp=圧力差， ザ回路効率， 干mt トルク効率
遊星歯車の入出力軸速度から油圧モータ回転速度Nmが決まり，油圧ポンプの仕様も定まる。

















Zr歯車の転位係数Xr=-0.4としてν2を仮定すると9) 式(10)から Yjが決まる O さらに噛合圧
力角αbおよび (XS+Xp)が求められる O




I ， nv fY 一mvfYX.+X.=三一(Z.+Z.).. U，b_ .... U 
~ -P' tan α。 住8
ここで， α。=工具圧力角， R=Zs歯車の転位係数，xp二 Zp歯車の転位係数

























































Dp= 0 -81me/rev 
定格 34.3MPa 
2200rpm 
Cp= 13000， 2. 2k羽T/kg
(川崎重工)
形式 LX-120 

































































































mm mm mm kN N/mm' 
Z， 20 65.00 0.457 i参炭焼入
ec- 1l.OX 23.3 
歯 Zp 35 37 3.25 113.75 。 0.250 91. 500 1000 i参炭焼入
0.18018 3筒所 19.2 
車 Z， 91 295.75 0.400 窒化
系 Z3 83 38l.844 0.60 Z4/Z:1二 話芸炭焼入
60 4.5 12 216.225 22.9 1030 
Z4 11 50.606 0.60 0.13253 一」 {参炭焼入 20.4 
r自 ¥¥¥¥¥¥ 運転速度rpm 運転油圧MP， 備考 *印は，表 5の条件をわずか
圧 ポンプ 2250* Dp= 18. 3 ~68. 8me/rev に超えた値になっている。
max. 31.6* 











国 7の干向!を用い式(8)より Dpが求まる。ただし Np=2250rpm
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しかし， Dm年50me/revクラスの油圧モータ 2台により， Z4ピニオン 2個を用いて Z3歯車を駆
動するように変更すれば解決する O 当然ながら，構造は複雑化し製造コストが著しく上昇するで
あろう O 特別用途を除き適当で、はない。
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This development project in hydraulics Race resulted in a very small flow limiting valve with reasonable 
control precision. A structural departure from previous flow control valves was made in the basic design. An 
internal shape found to be critical in influencing internal flow conditions was altered and the control charac-
teristics were tested up to pressure differentials as high as 23 MPa at 400 and 500 cm3/s flow rates. One ap 
plication is the authors. ocean wave electric generator. The design is now proving its effectiveness at 700 






















































































































m=スプール質量 x=スプール変位. k=ばね定数， p=圧力(図 4)，Ay=スプール，面積=π
d2/4， Fso=ばね力(初期値)，ρ=油の密度， Q=流量 U=噴出速度， ~ =噴出角度， L=ダン
ピングレングス， Cf=ダンピング係数，九=ハイドロリックロックによる摩擦力
定常状態では式(1)はつぎのようになる O
P2-P3= (Fso -kx-P Q'u 'cos~ ::!::Fh)Ay= Ll P (2) 









制御流量Q=700(cm%)，圧力差ムP=PZ-p3=390kpa，スプール径 d=2 cm，ばね力 Fso=62N，
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図5 調整弁 試作弁にはポンフ。の1:出油が送り込まれる O この流
量Qは，ポンプ回転速度 nを増減させることにより，調節する O 試作弁下流には流量計測用オ





















































までゆっくり降下させながら流量を測定した。弁下流圧力は 0-1 MPaである。図 7では，横
軸に弁上下流の圧力差ムpl=pl_p3をとり，縦軸に流量Qをとって示してある o Q=400cm3/ sで
はム pl~ 1. 5MPa において弁の制御作用が現れている O ム plの上昇により Qは増加していて，ム
plニ 23MPaのときの Qは，ムpl=1.5MPaのときの Qに対し十17%. Qの定常偏差は，ムpl= 























































渡部富治・ JasonR. 百MM・斉藤 凶
0500 cm'/s f10w rate 
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(2) 流体力の補償を行うには，噴出部でのキャピテーション防I上が重要で、ある O 今回の弁では，
つば形状600のとき最もよい流体力補償が得られた。

















Didactical study of fractins 
KAKU Y AMAGUCHI 
Abstract 
The aim of this paper is to discuss new methods of teaching fractions in mathematics. E， Landau's mathema. 
























































































のであるが 3という分数は『人間業 (Me附 henwerk)で，神ならぬ人間のデソチあげたっく















てはかる。正方形タイル(lOcm X 1 Ocm ) 2枚とはんぱがでる。次にそのはんぱを単位にして，正
方形をおりかえすと，ちょうどはんぱが3つ分でタイル 1枚になる。このはんぱは 3つ分で 1~ 
を表すタイル 1枚になるから， 1を3等分した大ききである。このはんぱの大きさを十と定義
し '3分の 1J という。テープ全体の大きさは 1辺lOcmO)正方形2っとはんぱの上だから '2
と3分の 1J とか '2か3分の 1J といって， 2上と書くというふうに帯分数の定義をする O そ
3 









1 = 5 b 
つまり@の大きさは 1を5等分した大きさである。従って@は士となる O ③は士が2つぶんで、
2 ， ~~， ~ _ ， " ，_" ~， 2 ~ 2 あるがこれを '5分の 2Jと定義し，ーと書く ⑦の大きさは 3と で， 3 となる。そして5 ~ E3 "0 'u v./ /-.... C" L" {o. ¥..J l..- 5 . u 5 
このあとに「?の下の数を分母，上の数を分子といいます。分母は 1を等分した大きさ，分子
2 、 分子はそれがいくつあるかを表わします。一一 …のょっな になっている数を分数と





いる o (2) 帯分数から入っている。 (3) 1のタイルを等分した単位分数(分子が1の分数)と，

































3分の 1j どいいます。 2よど書当ます。はじめの水の3 、
量は2すtです。
2つよんで|になる大きさ，つまりを 2等分した
|つ以を r2分の Ijどいい， 2ど書きます。
I .紙タイルをおって，一一ーのタイルを作りなさい。2' 4' 8 
，-ー 一ー一ー ーー 「一一一一一一一-





































を表わします。ム ム ー ・…・・のような一一ーになってL、る数を分数と






a=qb+γ ( 0 ~r<b) 
となる整数q，rがただ一組存在する O
この定理は，整数 Gを整数b>0で割ると，商pが立って余り r( 0 ~r<b) がでるという内容
であるから，割り算定理と呼ぶことにする。この割り算定理を用いて互除法 (Euclidの互除法と







( 0 <x2<Xl' koEZ， kos 0 ) 
(0 <X3<X2' kjEZ， kj> 0) 
xm-2=km-zXm-j十九 ( 0 <xm <xm-l' km_2EZ， km-2> 0 ) 
Xm-1ニ km-jXm (km_jEZ， km-1> 0) 
もしa，bEZであれば，X2' X3…EZ， Xj>X2>…>Xn>…三Oであるのである制に対して，Xm 
(a， b)， Xm+jニ Oとなる o a， b EZのとき，この操作は割り算定理を有限固くりかえすこと
になる o a， bEZのとき，Xmは (a，b)すなわち G とbの最大公約数となることはよく知られて
いる。
例 1.a=42， bニ 11とすれば






となる。この場合koニ 3，k]=4， k3=2となり， (42， 11) = 1である。




一-=.iL 一二二上 ーーー 一二こ且ニ上α)-υα}..._1 X，' '~l X，-，' ~m-l X 
-2 
とおく O ここで
ω> O. ω，> 1.…ω ，こた ，>0 
であって
ω=主ι=kA十主L=h1+-L
xj x1 ω1 
ω 子=k]+子=kj+土
・ん2 ‘"2 ω 2 
(2)ノ
ω っ=主11l.=2... =k~. _0 +三11L-=k っ十一ユー




















0' k. I k. I I k 
"'j + "'2 + + "'m-j 5 
と書く。あるいはもっと簡単に
(4)ω = Cko' kj，…， km-jJ 
とも表す。
42 例2 前の例 1を用いるとーは
11 
42= 3十 I4 
1+一ー 土一一
4+す
42 1 = 3++ + += C 3， 1， 4， 2 J 11 1+4+2 ，-， -，-， 
と連分数で表される O
「わかるさんすう J 4の分数の導入の部分の2番目の例(資料1，p， 196)では，互除法でko'
kj， k2を出している O すなわち








2 _ 2 
=3十 =35 -5 
を得ることになるが， もちろん「わかるさんすう」では連分数は出していない。ここでは






















定義1 分数士 (Xz分の Xjと読む)と比自然数Xz'円の(この)1僻での)対のことであ
るjO)
O 





証明 X，Xo-X，X j~Z ~l~Z 








(XjYz)(Yh) = (νん)(ZjY2) 
積について (XY)(ZU) = (XU) (zy)が常に成り立つから
(XjY2)(YjZZ)=(X向 )(υ1νz)
且つ
(YjX2)(Zjν2) = (YjYZ) (ZjXZ) = (zh) (νjY2) 
従って
(XjZ2)(νjYz) = (ZjX2) (YjY2) 
XjZZ=ZjX2 

















X2 Y2 Yz Y2 Xz Yz 
のうち，ちょうど一つが成り立つ。
証明与えられた Xl' XZ' Yj' Y2に対して









-z タ -z -z ♂ Uz 
である O
Z. U 一一L\、~Z~ U ""Z 
証明 νJUZニ U1Yz'zjx2=xjzz' XjYZ>YjX2 
より
(YjUz)(Z内)= (UjY2)(X内)
自然数X，Y， Z には X>ν~XZ>νz という性質があるから，それを用いて
(引jXz)(zIUZ) = (U1ZZ) (x1υz) >(U1ZZ)(日jXz)
自然数X，Y， Zに対してXZ>υz9x>νが成り立つことから
Z，Uo/U，Z I"'Z ~ ~1~2 
この定理から分数の類の聞の大小が，類の代表元の大小として考えられることがわかる。
Hγ 2'刊定理9 二上<三L ~_よ，立~-二ユーなら
X2 Yz. Xz Z2. ν Uz 
2'川
一L/〆一::l
Z~ U "2 
である O
証明 定理7によって，主上>主Lである1!...L_竺L ~_三L より定理 8 から，竺L>三L をう






Y2 Xz ν Xz ν2 
定義6 ~:s1LLとは~<旦上または主L~笠上を意味するものとする。
Y2 x2 Yz x2 ν2 
1J γ 7. 11 
定理10 コ三::~ --=::.Lr---ーム'之上一二上なら







Z2 Xz Yz uz 
である O
定理1 ~:s1LL主上一三L 旦L~竺L なら
Xz ν X2 z2 ν2υ2 
である。
証明 仮定でくが成り立つときは，定理9から明らかである O そうでないときは
五一一三i一旦上~竺上
Z" X" U" U ~2 タ "2
である O
定理12 主上主主主上なら1LL:s王Lである。
X2 ν Y2 Xz 
証明定理2と定理6から O
定理13 ~:s主よなら Y上主主主上である。


















定理15 王L;sJt.L旦上<三L または-'I<旦L Jt.L;s三Lならば





Y， Y 定理16 二上主~ ~:S二L なら，二上主主ユである O















Z 十 Xo X z '-z -z
U. Z 
定理19 ユ<-"lのとき，ょが存在して，斗<ユ<ムで、ある。
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もうすこしくわしく云えば，分数の定義は 4節定義 1のように自然 Xl' X2のこの)1夏序で対を
士とする。これは形式的な定義であるが，分数の意味と大きさを「わかるさんすう」の分数の
定義の形で与えることを別途行えばよし当。すなわち分数は次の量の大きさを表すというような意
味づけを行って，はんぱの量と対応させる O 従って分数と分数の大きさを区別する O この方がや
がて負の分数を扱うときにも合理的になる。同値についても 4節定義2で同値の定義を与えて
おき，同値の分数は同じ大きさをもつことを知らせる。 倍分，約分は計算の為の現則(演算の為





2 )遠山啓 r量の分数」 数学教室(1959) 3月 7月号，遠山啓著作集，数学教育論シリーズ 5， 
量とはなにか1(1978)太郎次郎社









4 ) F.Klein: rElemer山 rr国 hematikvom h白renStandpunkte aus Ij Berlin. Spri昭 er(1933) p. 31 
r 
5 )アレクサンドロフ数学とはどのような学問か」遠山砕編「数学の世界」大月書庖(1974) 
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